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EXECUTIVE SUMMARY

The purpose of this report is to summarize the final test results of the testing
accomplished under the Five Year Interoperability Assurance Plan (FYIAP) Test 88-
DCA-TOO1. Sponsor of the test was the Defense Communications Agency (DCA),
Defense Communications Engineering Center (DCEC) at Reston, Virginia. The
objective of the test was to determine the feasibility of using a High Frequency
AUTODIN Interface Device (HFAID) with high speed HF Modems and TSEC/KG-84C
Communications Security (COMSEC) equipment, to provide a viable HF to AUTODIN
Mode I data circuit at 1200 or 2400 bits per second (b/s). This device will be used for
future Defense Communications System HF/AUTODIN Entry Stations worldwide.

Testing was commenced in August 1988 but was suspended in September 1988
when problems in the HFAID firmware were discovered. Test results for that period
were documented in a Joint Interoperability Test Center (JITC) "Interim" Test Report
dated December 1988. The HFAID was returned to the manufacturer for
modifications. Testing resumed using the modified firmware during the period
May-July 1989.

This test was conducted in accordance with a JITC test plan dated October 1988
in three phases: (1) Phase I, Back-to-Back testing (at Fort Detrick, Maryland), (2)
Phase II, HF Channel Simulator testing (at Fort Detrick) and (3) Phase Ill, Over-the-Air
testing (between Fort Detrick and Fort Huachuca, Arizona).

During Phase I and II testing at Fort Detrick, a minor HFAID "reframe" problem
was discovered. With assistance from DCEC, the cause was isolated to a "block
Ignore counter" threshold. Modification to the "ignore counter" was accomplished
by the HFAID manufacturer and testing continued without further problems.

The test results show that the HFAID used in conjunction with the RF-3466
modem is capable of providing a viable HF to AUTODIN interface/circuit at data rates
of 1200 and 2400 b/s. The HFAID also provides the necessary handshaking, data
buffering and COMSEC control necessary to operate a Mode I circuit over HF radio
links which experience long end-to-end delays due to the long interleaver delays
introduced by new HF data modems. The HFAID is capable of maintaining the circuit
and message integrity even with HF modem interleaver delays equal to 12.6 seconds
and in a high error environment (greater than 10-3 bit error rate [BER]).

The HFAID is designed with the capability of dividing the Mode I 80-character
block or packet into smaller packets for improved performance over HF radio
circuits. Packet sizes of 80, 40, 20, 10, or 5 characters may be selected. Test results
indicated that the optimum packet size is somewhere between 80 and 20. The
optimum packet size depends on the quality of the HF radio link. A standard size of
40 is recommended as a nominal value to provide the best transmission efficiency
over most links.

The HFAID, when coupled with the TSEC/KG-84C (COMSEC) and the RF-3466
Data Modem, will provide DCS HF Entry sites/users the capability to interface the
AUTODIN system at 1200 or 2400 b/s. It will also provide an improvement in
throughput (effective transmission speed) for most HF circuits, over the 300 b/s
circuits used today.

vii
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SECTION 1

1. INTRODUCTION

a. Background

(1) During past United States Central Command (USCENTCOM) Joint
Communications Support Element (JCSE) exercises, United States Air Force Rome Air
Development Center (RADC) testing, and Joint Tactical Command, Control, and
Communications Agency (JTC3A) Joint Interoperability Test Center (JITC) testing,
various multi-tone and single tone data modems were used to transmit data at 75-
2400 bits per second (b/s) over simulated and actual High Frequency (HF) radio
channels. Results of these exercises and tests showed that the newer modems which
employed data interleaving and forward error correction (FEC) encoding provided
significant improvement in the error performance even for data rates at 1200 and
2400 b/s. However, to provide the improved error performance the new modems
use data interleaver and deinterleaver techniques which can cause an end-to-end
(data input-to-data output) delay of up to 12.6 seconds. This delay presents unique
problems to HF radio link Communications Security (COMSEC) equipment and the
Automatic Digital Network (AUTODIN) Mode I protocol that is normally used for HF-
to-AUTODIN Entry circuits. In order to take advantage of the increased data rate
and the improved error performance of the new modems while overcoming the
problems that the increased delay presents to an AUTODIN Mode I circuit, the
Defense Communication Agency (DCA), Defense Communication Engineering
Center (DCEC) specified and procured an HF AUTODIN Interface Device (HFAID) in
1987.

(2) The HFAID is designed to provide an AUTODIN Mode I to/from
unique HF Modem protocol conversion and interface. The unique HFAID protocol
allows for the variance of the transmitted character block size in 80-, 40-, 20-, 10- and
5-character packets for increased data throughput over a burst error channel like
that of an HF radio link. The HFAID also provides the necessary handshaking and
data buffering to satisfy the requirements of the AUTODIN Mode I circuit when long
data delays are induced by the HF modem interleaver/deinterleaver circuits. The
HFAID is a modified version of the Tactical AUTODIN Satellite Compensation
Interface (Mode I to Mode VI converter) Device (TASCID) which was built under
another DCEC contract for use with satellite circuits which experience similar
problems due to the satellite delays. The HFAID provides a Data Inhibit and "Crypto
Resync" control lines to control toe COMSEC equipment. To overcome the
synchronization problems experienced with past COMSEC equipment (TSEC/KG-84
and TSEC/KG-84A) over HF circuits, the National Security Agency (NSA) developed an
HF synchronization scheme into the TSEC/KG-84C. The new scheme allows the
equipment to synchronize in less time, synchronize in a high error environment and
to be tolerant of signal fades. Because of these improvements, the TSEC/KG-84C was
used in conjunction with the HFAID for all testing.

(3) During July - September 1988, tests of the HFAID were conducted
with the HF modems connected in a back-to-back configuration. Testing was
accomplished at Fort Detrick, Maryland and Fort Huachuca, Arizona. The tests
identified two discrepancies in the HFAID firmware. Testing was then suspended
until the manufacturer could correct the deficiencies. Results of the preliminary tests
are noted in a JITC interim test report dated December 1988 (see paragraph 3a[16]).
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(4) Corrections to the HFAID firmware were made in March 1989 and
further testing of the unit began in April and was completed in July 1989. This
report covers the results of these tests.

b. Objective. The test objectives were : (a) to determine the feasibility of
using the HFAIDs in conjunction with High Speed HF modems to provide a viable HF
to AUTODIN Mode I data circuit for future HF/AUTODIN Entry Stations worldwide at
1200 and 2400 b/s, and (b) to document the equipment interconnections, switch
settings and strapping options required for successful operation of the HFAID, KG-
84C, HF modem, ASC and HF radio equipment string.

c. Scope

(1) Testing was accomplished in accordance with the JITC test plan,
reference 3a(15), dated October 1988. Testing was conducted in three phases:

(a) Phase I, Back-to-Back testing at Fort Detrick, Maryland.

(b) Phase II, HF Channel Simulator testing at Fort Detrick.

(c) Phase III, Ionospheric (Over-the-Air) Link testing between Fort
Detrick and Fort Huachuca, Arizona. The basic test configurations are shown in
figures 1, 2 and 3.

(2) All phases were accomplished using HF modems: models RF-3466
(39 tone), MD-1061 (16 tone) and the HSM-1A (single tone). The major
characteristics of each modem are provided in table C-1. The 5254B (single tone)
modem was also planned to be used during the testing but was not available. Based
on past HF modem comparison tests accomplished by JTC3A/JITC (reference 3a(17),
USAF Rome Air Development Center and others, the Bit Error Rate (BER)
performance of the 5254B was better than the RF-3466. Therefore, it is an
engineering judgment that had the 5254B modems been used, the transmission
efficiency would have improved over that of the RF-3466.

(3) During each test phase, message transmission time was measured
and the corresponding transmission efficiency and the effect transmission rate (as
compared to an AUTODIN Mode I circuit) was measured for various combinations of
modems, modem interleaver/deinterleaver delays, data rates (1200 and 2400 b/s)
and HFAID packet sizes.

2. DESCRIPTION OF THE TEST ITEMS

a. Interface Description. The major interfaces tested were those provided
by the HFAID: the HFAID to AUTODIN Mode I interface and the HFAID to Modem
interface. The interfaces are provided by an HFAID unique AUTODIN Mode I to
HFAID protocol conversion. Related to these interfaces were the interconnection
switch setting and equipment strapping options of each piece of equipment which
allowed for the successful operation of the communication circuit.

b. Equipment Descriptions

(1) Model IA-5100(113). The Model IA-5100(113) HFAID is a
microprocessor controlled protocol conversion unit which provides interfacing
between an HF radio link and an AUTODIN switch. One side of the HFAID provides

2
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the normal Mode I circuit protocol for interfacing with a Mode I terminal or the
AUTODIN switch, while the other side provides a special Mode I protocol for
interfacing with HF modems and the HF radio circuit. The special HF protocol
enables the selection of a variety of packet sizes ranging from the standard Mode I
80-character block to a block size of 5 characters.

Specific packet size selections are 80, 40, 20, 10 and 5. The HFAID also provides the
necessary handshaking necessary for Mode I operation during long circuit delays
caused by the various interleaver depth settings of the HF modems.

(2) HSM-IA. The HSM-IA is a high-performance modem capable of
transmitting data at rates up to 3600 b/s in a standard 3 kHz single-sideband HF
channel. The modem utilizes a single, adaptive equalized 8-phase modulated carrier
with error coding and interleaving. The modem interleaver delay characteristic is
fixed at 3.5 seconds for both the 1200 and 2400 data rates. Additional modem
characteristics are provided in table C-1, appendix C.

(3) TSEC/KG-84C. The TSEC/KG-84C is a general-purpose telegraphy
encryption unit designed for the encryption and decryption of TTY and data traffic
over the data rate range of 50 to 64,000 b/s. The KG-84C is similar to the KG-84A but
has additional capabilities. One of these additional capabilities is an enhanced
synchronization scheme for use with HF radio circuits.

(4) MD-1061. The MD-1061(V) is a full-duplex modem designed for the
transmission of digital data at rates of 75 to 2400 b/s over HF single sideband (SSB)
radio circuits. The 16-tone quadraphase Differential Phase Shift Key (DPSK) MIL-STD-
188 signaling format has been designed to provide efficient data transmission in the
presence of severe multipath fading and impulse noise typical of HF ionospheric
propagation. The MD-1061 provides for various in-band diversity, error coding, and
time interleaving dependent on bit rate and modes selected. Additional modem
characteristics for the 1200 and 2400 data rates are provided in table C-1, appendix
C.

(5) RF-3466. The RF-3466 high-speed HF modem provides for the
transmission of digital data at rates of 75 to 2400 b/s over an HF radio link. The RF-
3466 employs Quaternary phase shift keying to modulate 39 tones, in-band Reed-
Soloman error coding and various interleaving delays to provide enhanced
performance over HF radio channels. Specific modem characteristics for the 1200
and 2400 data rates tested are provided in table C-1, appendix C.

(6) Model 40 Teletype Mode I Terminal. Two different configurations
of the Model 40 Teletype and Mode I interface units were utilized at Fort Huachuca.
The Model 40 Teletype Mode I Terminal consisted of a Model 40 Asynchronous
Teletype Terminal and accompanying INTEQ/Model 3A-1, Asynchronous to Mode I
interface device. At Fort Detrick, the Model 40 Teletype Mode I Terminal consisted
of a Model 40 Asynchronous Teletype Terminal and accompanying Western Union
Mode I to Asynchronous interface device. The Model 40 Asynchronous Teletype at
Fort Huachuca was operated at 4800 b/s while the Western Union Mode I interface
operated at the circuit data rate of 1200 or 2400 b/s. The Model 40 Teletype Mode I
Terminal provides the capability to prepare, edit, transmit, and receive Mode I,
JANAP 128 teletype messages.
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(7) AUTODIN Switching Center (ASC). The ASC is a message switching
center that stores, routes, and distributes messages that are introduced to the
AUTODIN network.

(8) High Frequency (HF) Radio Terminals. During the "over-the-air"
testing, different HF radio terminals were used at end of the radio links. At Fort
Huachuca, a two-channel independent sideband (ISB) HF radio terminal consisting of
ITT Mackay MSR 5050 ISB Receiver, MSR 6700 ISB Exciter and MSR 1020 1 Kilowatt
Amplifier were used. At Fort Detrick, a four-channel ISB radio terminal consisting of
Harris 10 Kilowatt transmitter (RF-745-02) and an RF-590A Receiver were used.

3. DOCUMENTATION/REFERENCES

a. Document List

(1) Five Year Interoperability Assurance Plan, Joint Tactical Control
Communications Plan 3100, March 1988, 88-DCA-TOO1, HF to AUTODIN Interface
Device (HFAID).

(2) Limited Maintenance Manual, TSEC/KG-84C, KAM-504A (RP) (C),
October 1988.

(3) (U) Guidelines for the Use and Operation of the KG-84C (Draft)
(FOUO).

(4) (U) Maintenance Manual for TSEC/KG-84C (C), March 1986.

(5) Memorandum for Director, Joint Tactical Command, Control and
Communications Agency; Subject: Joint Interoperability Test Center of HF to
AUTODIN Interface, 2 Jan 1987.

(6) Memorandum for Director, Defense Communication System
Organization, Defense Communication Agency; Subject: Joint Interoperability Test
Center of HF to AUTODIN Interface.

(7) Defense Communication Engineering Center (DCEC), Statement of
Work for HF to AUTODIN Interface Testing, DCEC Acquisition Review Committee
Package, 13 March 1987.

(8) HSM-1A Modem Manual, PLANTRONICS/Frederick Electronics
Corporation, Frederick, Maryland.

(9) RF-3466 Modem Manual, Harris Corporation, RF Communications
Group, Rochester, New York.

(10) Digital Data Modem, MD-1061(V)1/USC, Operation and
Maintenance Instructions, MAGNAVOX Government and Industrial Electronics
Company, General ATRONICS Corporation, Philadelphia, Pennsylvania.
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(11) Modem IA-5100(113), Mode I/HFAID. Reference Manual (1989),
Zenith/INTEQ Inc., Herndon, Virginia 22071.

(12) MIL-STD-188-116-1, Working Paper #12, dated 10 May 1988,
Interoperability Standards for Information and Record Traffic Exchange Mode I.

(13) Test Report, Joint Tactical Command, Control and Communications
Agency, Joint Interoperability Test Center, "HF Modem Comparison," May 1986.

(14) CCIR International Radio Consultive Committee, Recommendations
and Reports of the CCIR, 1982, Volume Ill, Rec. 520-1.

(15) Joint Tactical Command, Control, and Communications Agency,
Joint Interoperability Test Center, "HF to AUTODIN Interface Device (HFAID) Test
Plan," dated October 1988.

(16) JTC3A, JITC, "High Frequency AUTODIN Interface Device (HFAID)
Interim Test Report," December 1988.

(17) Test Report, "HF Modem Comparison", JTC3A, JITC, 21 May 1986.

b. Document Review. Information from the documents above was used to
implement the interconnections between the equipments tested. Adequate
information was available to successfully interface all equipment. However, the
equipment operator or installer must be careful to use a continuous clock and turn
the synchronization switch (switch S11) on the TSEC/KG-84C off to insure proper
operation with the HFAID. Specific equipment interconnects and operational switch
settings used for each test phase are provided in figures B-37 through B-48 (Phase I
& II), B-108 through B-1 13 (Phase lI1) and tables B-1 through B-6 (Phase I & II), B-8
through B-12 (Phase III).

4. TEST ISSUE/CRITERIA

a. Test Issue. Does the HFAID provide an operable interface between the
AUTODIN and High Speed Modems, and does the HFAID, TSEC/KG-84C (COMSEC)
and HF Modem equipment string provide a viable HF to AUTODIN Entry circuit at
data rates of 1200 and 2400? Related to these major issues were the following
secondary issues:

(1) What was the HFAID circuit transmission efficiency as compared to
the efficiency of a Mode I circuit?

(2) What was the HFAID circuit effective transmission speed or
throughput?

(3) Was there a combination of HF Modem, HF modem interleaver
delay, HF packet size and data rate that provided an optimum transmission
efficiency and throughput?

8



b. Criteria. There was no pass or fail criteria for this test. The test was
designed to gather engineering data for use in specifying and designing
improvements for the Defense Communications System (DCS) HF/AUTODIN Entry
Stations. The objective goal was to attain a message throughput or effective
transmission rate which could exceed the 300 b/s data rate used by the DCS
HF/AUTODIN Entry circuits today.

c. Data 7equirements and Collection

(1) For each test phase (shown in figures 1, 2 and 3) and HF Modem, HF
modem interleaver delay setting, HFAID packet size setting and AUTODIN Mode I
operating mode setting shown in table 1 below, the transmission time to transmit
short, medium or long messages from a Mode I data terminal, through the HFAID,
TSEC/KG-84C, HF Modem equipment string, to the AUTODIN Switching Center (ASC),
was measured. For each test combination, ten messages were sent and the average
transmission time calculated. This average transmission time was used to calculate a
transmission efficiency and an effective transmission speed (or effective throughput
rate).

Table 1. Test Combinations

HFAID
Bit Interleaver Packet

Test HF Rate Mode I SNR Delay Size Message
Phase Modem (b/s) Protocol Ratio (sec) (characters) Size

I RF-3466 1200 C Max. 1.7,12.6 80,40,20,10,5 S,M,L
B Max. 1.7,12.6 80,20,5 S

2400 C Max. 1.5,9.8 80,40,20,10,5 S,M,L,
B Max. 1.6,9.8 80,20,5 S

MD-1061 1200 C Max. 1.6,6.4 80,40,20,1,5 S,M,L
B Max. 1.6,6.4 80,20,5 S

2400 C Max. None 80,40,20,10,5 S,M,L
B Max. None 80,20,5 S

HSM-1A 1200 C Max. 3.5 80,40,20,10,5 S,M,L
B Max. 3.5 80,20,5

1I RF-3466 1200 C 25,20,15,13 1.7 80,40,20,10 M
2400 C 30,25,20 1.6,9.8 80,40,20,10,5 M

MD-1061 1200 C 35,30,25,20 1.6 80,40,20,10,5 M
1200 C 35,30,25 6.4 80,40,20,10,5 M
2400 C 35 None 80 M

HSM-1A 1200 C 35,30,25 3.5 80,40,20,10,5 M
2400 C 35 3.5 80

III RF-3466 1200 C U 1.7,12.6 80,40,20,5 M
2400 C U 1.6,9.8 80,40,20,10,5 M

MD-1061 1200 C U 1.6,6.4 80 M
2400 C U None 80 M

HSM-1A 1200 C U 3.5 80 M
2400 C U 3.5 80 M

C = Continuous Max = Maximum Signal-to-Noise (SNR), no
noise added

B = Block-by-Block
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U = Unknown Signal-to-Noise
S = Short Message (approximately 15-line blocks)
M = Medium Message (approximately 30-line blocks)
L = Long Message (approximately 100-line blocks)

(a) The transmission efficiency was calculated using the following
MIL-STD-188-116-1, Working Paper #12 (reference 3a(12)) equation:

E[%] = (t)100/tac
Where: E = Transmission efficiency in percent

t = Calculated theoretical time to transmit same character
size/line block message using AUTODIN Mode I
Protocol with no end-to-end delay

tac = Measured average time to transmit message using
the HFAID with HF Modem interleaver/deinterleaver
end-to-end delay

(b) The Effective Transmission Speed or Throughput Rate was
calculated using the following equation:

Et (bits per second) Total bits transmitted/average time to
transmit the bits

Where: Total bits transmitted = the total
characters transmitted per message X 8
bits per character

Average time to transmit the bits = the calculated average time to transmit
the total bits per message from the
Start of Header (SOH) to the final
message Acknowledgement (ACK 2)

(2) During each test phase, all equipment interconnects, switch settings
and strapping options were checked and proper circuit operation verified.

(3) The Phase I, Back-to-Back testing provided a baseline transmission
time for each modem, modem interleaver, HFAID packet size, Mode I protocol mode,
data rate and message size test combination.

(4) Phase II, HF Channel Simulator testing provided transmission times
for each test combination while utilizing an HF channel simulator to simulate the
fading, noise and multipath characteristics of an HF Channel. The channel condition
simulated was that of a CCIR Recommendation 520-1 "poor" channel. The channel
settings were as follows:

a Two equal level fading paths,
b Differential Time delay between paths of 2 msec,

c Frequency Spread (Fading Bandwidth) of 1 Hz and

d Zero doppler shift.
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The CCIR Poor channel condition was chosen to provide an
approximate worst case case test condition. The message transmission time was
measured for various HF channel SNR settings. Harris Corporation HF channel
simulators with a 3dB noise bandwidth of 5 KHz and a two-sided fading bandwidth
were used.

(5) The Phase III, Over-the-Air testing provided data transmission over
an actual HF radio link. The radio link used was between Fort Huachuca, Arizona,
and Fort Detrick, Maryland, approximately 1900 miles. The transmission time to
transmit a medium message from the Mode I terminal at Fort Huachuca to the ASC
at Fort Detrick was measured. The transmission time was measured for each HF
Modem, Modem interleaver delay, HFAID packet size and data rate combination.

5. TEST CONDUCT

a. All testing was conducted using the procedures set forth in the JITC test
plan of reference 3a(15). All three phases of the test were accomplished using the
HFAID with accompanying Mode I terminals, the Fort Detrick ASC, the KG-84C
COMSEC equipment and three different HF modems. The three modems were the
Harris RF-3466 (39 tone), Plantronics/Fredericks Electronics HSM-1A (single tone) and
the Magnavox MD-1061 (16 tone).

b. At the start of Phase I, Back-to-Back testing, the HF modems and KG-84C
COMSEC equipment were interconnected as shown in figure 4, and the Bit Error Rate
(BER) measured for each modem. Specific interconnection information is provided
in figures B-37 through B-42. Switch settings are provided in tables B-1 through B-5.
The purpose of this test was to verify that the modems would provide error free
operation prior to accomplishment of further testing. A BER test interval of 1 x 106
bits was used.

c. In addition, during Phase II testing, the BER performance of each modem
at various HF channel simulator noise settings was measured. The test interval used
for the BER measurements was 2 x 106 bits. The HF channel simulator settings
remained as noted in paragraph 4c(4).

d. During both Back-to-Back (Phase 1) and Simulator (Phase II) testing, the
Mode I terminals, HFAIDs, TSEC/KG-84Cs, HF Modems and ASC were interconnected
as shown in figure 1 and 2, respectively. The same equipment interconnections and
switch settings were used for both test phases. Specific equipment interconnections
and switch setting information are provided in figures B-43 through B-48 and tables
B-2 through B-6. The ASC provided the timing for all equipments connected to the
ASC side of the circuit and the HF Modem provided the timing for the equipment
connected to the subscriber Mode I terminal side. This would be the normal timing
configuration for most HF/AUTODIN Entry Stations.

e. During Phase Ill, Over-the-Air testing, the TSEC/KG-84 COMSEC and HF
Modems at Fort Detrick were moved from their previous back-to-back (Phases I and
II) test installation and installed in the COMSEC vault and the Primary Technical
Control room, respectively. This move was made to match the installation and
equipment interconnections typically found at most HF/AUTODIN Entry Stations.
The transmit/receive data and timing lines remained the same as for the back-to-
back and channel simulator tests, but the COMSEC and HF Modem control lines
(clear-to-send, request-to-send, data-set-ready, data-terminal-ready) are tied high or
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Figure 4. Data Sentry 10, TSEC/KG-84C, and HF Modem Test Configuration

to an enable state at all times. This is done at the COMSEC and HF Modem interfaces
to reduce the number of interconnect lines required to go between each room at the
ASC. The specific interconnects and equipment switch settings used are provided in
figures B-108 through B-1 13 and tables B-8 through B-12.

f. For Phase Ill, Over-the-Air testing, an HF radio link was established
between Fort Huachuca, Arizona, and Fort Detrick, Mary land. The Fort Huachuca
site utilized an ITT Mackay, 1 kilowatt, 2-Independent Sideband (2-ISB) radio system
and the Fort Detrick site utilized a Harris 10 kilowatt, 2-ISB radio system. On each
radio system, the message traffic was transmitted on the Upper Sideband (USB) and
the Lower Sideband (LSB) was used for an orderwire. The link was configured for
full duplex operation. Freque icies used for the link were those frequencies chosen
from 11 assigned frequencies. The frequency which provided the best propagation
at any specific time was used. A number of the assigned frequencies were originally
chosen based on an Ionospheric Communications Analysis and Predictions (IONCAP)
prediction program. Prediction program outputs are shown in tables B-13 and B-14.

g. For each test phase the time to transmit a message from the subscriber
(transmitting) Mode I terminal to the successful receipt of the message by the ASC
was measured. The time to transmit the message was measured for the various HF
modem, HF Modem interleaver delay settings, HFAID packet size, Mode I protocol
mode (Continuous or Block-by-Block) and data rate settings (1200 and 2400 b/s). The
various test combinations are shown in table 1. The transmission time was measured
using the character trap function of a Digilog Protocol Analyzer and its associated
timers. The timers were set to start when a Start Of Header (SOH) character from the
transmitting Mode I terminal was detected and to stop when the Final
Acknowledgement (ACK 2) was received from the ASC. For each test combination
ten messages were transmitted and their transmission times recorded. The average
transmission time was then calculated from the ten measurements.
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6. TEST SUPPORT

a. Test Sites/Facilities

(1) All test phases were conducted utilizing the ASC at the 11 10th
Signal Battalion, East Coast Telecommunications Center (ECTC) at Fort Detrick,
Maryland.

(2) Phase I, Back-to-Back and Phase II, HF Channel Simulator tests were
conducted at Fort Detrick with the HFAID, TSEC/KG-84C, HF modem, and Mode I
teletype terminals installed in a back-to-back configuration.

(3) Phase Ill, Over-the-Air tests were conducted using the HF radio
facilities at Fort Huachuca, Arizona, and Fort Detrick, Maryland.

b. Personnel

QUANTITY RESPONSIBLE
TITLE REQUIRED ORGANIZATION

Test Director 1 JTC3A/JITC
Associate Test Director 1 DCEC
Associate Test Director 1 USAISC/ECTC
Equipment Operators 6 JITC/ECTC
Data Collectors 4 JITC

c. Equipment

RESPONSIBLE
ITEM QUANTITY ORGANIZATION

HFAID 2 DCEC
COMSEC KG-84C 2 JITC/NSA/NAVY
RF-3466 Modem 2 HARRIS CORP.
MD-1061 4 AIR FORCE
HSM-1A 2 PLANTRONICS CORP.
AUTODIN Switch 1 DCA/ECTC
Model 40 (Mode 1) Terminal 2 ECTC/JITC
DS 10 BERT 2 JITC
Protocol Analyzer 2 JITC

d. Special Test Circuits. The DCA representative at the Fort Detrick ASC
made available four AUTODIN circuits. The circuits provided the following AUTODIN
Mode I modes of operation:

FUNCTION TYPE

Mode I Protocol Block-by-Block and Continuous
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Traffic Routine, Unclassified, Genser, JANAP 128
Data Rate 1200 and 2400 b/s

e. Funding. Test support was funded by DCA/DCEC and the JTC3A/JITC. The
HFAID was funded and procured by DCA/DCEC.

7. TEST ORGANIZATIONS. The overall test planning, .oordination, direction, and
reporting was provided by the JTC3A/JITC. The actual testing wal accomplished by
the combined assets and personnel from DCA, DCA/DCEC, 1110th Signal
Battalion/ECTC, JTC3A/JITC, United States Air Force, Harris Corporation/RF
Communications Group and the Plantronics/Frederick Electronics Corporation.

8. TEST SCHEDULE. Testing was conducted over the timeframe below:

a. Phase I, Back-to-Back Baseline Testing: 15-31 May 89

b. Phase II, HF Channel Simulator Testing: 1-16 Jun 89

c. Phase Ill, Over-the-Air Testing: 26 Jun-14 Jul 89

9. TEST RESULTS

a. Phase I, Back-to-Back Testing

(1) Prior to the start of the Back-te, ' ,k tests, the TSEC/KG-84C
COMSEC equipment and HF Modems were interconnected as shown in figure 4 and
the circuit errors measured over a test interval of 1,000,000 bits. Each modem
combination was checked for error free operation at 1200 and 2400 b/s, at both
short and long interval delays. One MD-1061 modem would not pass its "self check"
and was replaced. All modems then provided error free operation in the loopback
configuration.

(2) For the "back-to-back" testing, messages of short, medium and long
length were used. Short was made up of approximately 15 line blocks with each line
block containing 84 characters. Medium was made up of approximately 30 line
blocks with each line block containing 84 characters. Long was made up of 100 line
blocks with each line block containing 84 characters. However, the Fort Detrick
asynchronous Model 40 teletype with its accompanying Western Union
asynchronous to synchronous Mode I converter did not provide a true, continuous
block by block transfer of the Mode I data to the HFAID. Because of the process
delay in the converter, idle synchronization (SY SY) characters were inserted
between the header and text blocks at 1200 b/s and between each block at 2403 b/s.
Therefore, for the short, medium and long messages generated by the Model
40/Western Union Mode I converter/interface, the messages were recorded by a
protocol analyzer and the messages printed. After printing the messages, the total
number of characters sent to the HFAID, Mode I input port, were counted. This
count included the Start of Header of Block #1 to the first Wait Before Transmit
(WBT WBT) or Final Acknowledgement (FS FS [ACK 2 ACK 2]) was generated by the
HFAID. The table below reflects the average number a characters transmitted for
each message length. This character count is the total number of information
characters that would have been exchanged between a Mode I terminal and the
HFAID had there been a true Mode I exchange. Examples of the messages are
provided in figures B-49 and B-50.
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Total Total Mode I
Data Rate Message Planned Actual Transmission

(b/s) Size Characters Characters Time (sec)

1200 Short 1260 1685 11.2
Medium 2520 2862 19.1
Long 8400 8728 58.2

2400 Short 1260 2674 8.9
Medium 2520 4418 14.7
Long 8400 13140 43.8

(3) During the Back-to-Back testing, it was noted that the HFAID would
declare an "out-of-frame" condition and send a resynchronization signal to the
COMSEC at the end of the message transmissions. This occurred when the modem
interleaver delays were greater than approximately two seconds. It was also noted
during Phase II, Simulator testing, that the HFAID generated an unnecessary"reframe" when character errors were generated by the HF modems due to the
noise, multipath and fading of the HF channel Simulator. During the simulator
testing the "reframe" problem was found to be a function of the HFAID "ignore
block' counter. Long modem interleaver delays and errored characters cause the
retransmission of character blocks on the HFAID, HF Protocol port 1 side. Once the
number of block retransmissions equals the "ignore counter" preset threshold, an"out-of-frame" condition is declared and a COMSEC resynchronization is initiated.
DCEC requested the HFAID manufacturer (Zenith/INTEQ) modify the ignore counter
to provide a greater number of retransmissions to occur before the HFAID declared a
reframe. The manufacturer modified the ignore counter so the user could select the
maximum number of blocks ignored by changing the switch settings of the HFAID
"Dip Switch/Bank 2" switch #1 and 2. The following settings were programmed into
the HFAID firmware:

Dip Switch Bank 3:

Switch Switch
$1 52

0 0 Ignore 48* blocks before Resync. of the COMSEC
(80-Character Block)

0 1 Ignore 96 blocks before Resync. of the COMSEC
(80-Character Block)

1 0 Ignore 192 blocks before Resync. of the COMSEC
(80-Character Block)

1 1 Ignore 384 blocks before Resync. of the COMSEC
(80-Character Block)

* Note: The number of blocks ignored also increases as the HFAID packet size is
decreased.

For all phases of testing, the "ignore counter" was set for the
maximum number of blocks to be ignored (switch setting 1 1). More is said about
the "ignore counter" setting in the discussion of the Over-the-Air test results.

(4) Because the "ignore counter" modification was accomplished after
the back-to-back tests were completed, the message transmission times were redone
for a couple of the RF-3466, long interleaver delay, 80-character packet size test
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combination. This was done to verify that the modification had not changed the
message transmission times. No change was expected since the earlier
measurements were made by allowing the COMSEC to resynchronize between the
transmission of each message. The two measurements were within ± 10 msec of the
previous measurements; therefore, measurements for all test combinations were
not reaccomplished.

(5) The transmission time, transmission efficiency and effective
transmission speed results for the back-to-back testing are provided in figures B-1
through B-36.

(a) The transmission times shown in figures B-1 through B-18 are
the calculated averages of the ten measurements made at each HFAID packet size.
In almost all cases, the ten measurements made at each packet size were within a
few milliseconds (+/- 20 msec) of each other; therefore, a plot of all ten points is not
provided.

(b) The transmission efficiency shown in figures B-19 through B-27
is calculated using the equation of paragraph 4c(i)(a). The time for the Mode I
transmission (t) of the total characters transferred is shown in the table of paragraph
9a(2) above. The actual transmission time (tac) is the average transmission time for
each HFAID packet size.

(c) The effective transmission speed shown in figures B-28
through B-36 was calculated using the equation of paragraph 4c(1)(b).

(6) In general, the results reflect the following findings:

(a) The HFAID successfully interfaced with the Mode I terminal
TSEC/KG-84C (COMSEC), HF Modems and ASC. It provided the necessary
interface/handshaking to satisfy the requirements of the Mode I interface between
the HFAID and the Mode I/ASC terminal, and also to satisfy the HFAID interface with
the COMSEC. The HFAID provided the necessary interface for successful message
transmission over the test circuit even with long, end-to-end, HF modem
interleaver/deinterleaver delays of up to 12.6 seconds. The operable switch settings
are provided in tables B-2 through B-6 for Phase I & II and tables B-8 through B-12 for
Phase Ill. It was noted that the TSEC/KG-84C must be operated with "continuous
clock" and automatic synchronization detection "off" for proper HFAID operation.
The "out of synchronization" or "out of frame" detection is provided by the HFAID.

(b) The message transmission time increases considerably with
increased HF Modem Interleaver Delay. This is because the greater the interleaver
delay, the greater the end-to-end (data input-to-data output) delay. The
transmission time is also increased with the HFAID smaller packet sizes. This is
because the HFAID HF protocol adds extra "overhead" bits to each packet in order to
keep track of them. Specifically, it adds four extra framing characters for each
packet. This adds a large number of "overhead" characters especially when the
packet size is reduced to 10 or 5 characters.

(c) Correspondingly, the transmission efficiency and effective
message transmission speed decreases with increased interleaver delay and reduced
packet size. It is interesting to note that the transmission efficiency and transmission
speed improves as the messages get longer. This indicates that the HFAID HF
protocol becomes more efficient as the total number of 80-character packets to be
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transmitted is increased. There is probably a message size above which the efficiency
starts to decline as the HFAID input and output buffers become full. This is based on
theory and was not substantiated by testing since the maximum message length
used during the test was approximately 100 84-character line blocks. The 48 x 85
character buffer of the HFAID was able to process the 100-line block message with
no noticeable delay.

(d) There was no significant difference in the transmission time
when operating the Mode I terminal and ASC channel in continuous or block-by-
block mode. This was because the HFAID input/output buffers are of ample size to
accept up to 48 84-character Mode I line blocks without delay. Because of this fact,
and the fact that most AUTODIN circuits are normally operated in a continuous
mode, the majority of the Phase I, II and III testing was accomplished with the
AUTODIN Mode I circuit in a "continuous" mode. This also reduced the amount of
test combinations to be tested.

b. Phase II, HF Channel Simulator Testing

(1) The transmission time, transmission efficiency and effective
transmission speed results are provided in figures B-51 through B-82, B-83 through B-
89 and B-90 through B-96, respectively. The transmission time, transmission
efficiency and effective transmission speed were measured or calculated the same as
for the back-to-back Phase I tests. However, for the simulator tests, a simulated HF"poor" channel is introduced into the HF modem audio input/output path. The
simulated channel induces errors into the Modem which would typically be
introduced by the multipath, fading and noise of a ionospheric HF radio path. The
multipath delay and fading bandwidth of the simulator were as noted in paragraph
4c(4). The noise level was varied to induce more and more errors into the path. The
message transmission time was measured as a function of the Signal-to-Noise Ratio
(SNR) and HFAID packet size. The BER performance of each modem was also
measured and is provided in table B-7. A plot of the BER (vs) SNR data is provided in
figure B-97. The HF channel simulator used was a Harris Corporation Simulator with
a 5 KHz 3dB noise bandwidth and a fading bandwidth which reflects a double sided
bandwidth. The results reflect the SNR for the 5 KHz channel. For comparing results
to a nominal 3 KHz channel bandwidth or equivalent per HZ SNR, the following
table should be used:

Signal-to-Noise Signal-to-Noise Signal-to-Noise
Ratio (5 KHZ Ratio (3 KHz Density Ratio ( Per
Channel) Channel) Hz Bandwidth)

35 37 72
30 32 67
25 27 62
20 22 57
15 17 52
13 15 47

(2) The transmission times of figures B-51 through B-57 are the
calculated averages of the time to transmit 10 messages for each HFAID packet size.
All 10 measurements and the averages are provided in figures B-58 through B-82.
These are provided to show the spread of the data points.
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(3) The transmission efficiency and effective transmission speed is
calculated as before using the calculated averages.

(4) As noted in the back-to-back test results, the HFAID "ignore
counter" was modified during the simulator tests. As the channel SNR was increased
the number of block retransmissions would increase, and once the "ignore counter"
threshold was exceeded the HFAID would generate a "resync" command. The
HFAID would also retransmit the message data blocks due to the delay caused by the
HF modem interleavers and deinterleavers. With the "ignore counter" threshold set
to the highest setting, the HFAID was able to operate successfully when using long
HF modem interleaver delays and a degraded (channel BER of 1 x 103) channel.

(5) The results substantiate the following findings:

(a) As the SNR is decreased and the number of errored characters
increase the number of block retransmissions increase, this increases the time
required to transmit the message. Some of the increase can be overcome by going
to a smaller packet size on the HFAID HF protocol. The optimum packet size seems
to be around 40 or 20. When packet sizes are decreased to 10 or 5, the time required
to transmit the additional overhead framing characters completely overshadows any
improvement realized by the shorter packet size. It was also noted that the
increased transmission time caused by increasing the HF modem interleaver delays
completely cancels any retransmission improvement that ERROR improvement might
have been gained through the use of the the-longer interleaver delays.

(b) For SNRs of 20 or better, the transmission efficiency and
transmission speed is better if a data rate of 2400 b/s is used. However, if the SNR
decreases to 15 or below, the efficiency and effective transmission speed for 1200 b/s
is better. In fact, at SNRs of 15 or below, it was observed that the error rate at 2400
b/s becomes so bad that the HFAID repeatedly declares an "out of frame " condition
and sends a "resync. signal" to the COMSEC equipment. The message is finally
delivered to the ASC but it takes an excessive amount of time (several minutes). It is
important to note that the HFAID continues to maintain the integrity of the message
even while COMSEC continues to resynchronize and even if the HF modem itself loss
synchronization. As soon as the link or circuit recovers, the HFAID will continue to
process the message.

(c) At a data rate of 2400 b/s, the MD-1061 and HSM-1A modems
were unable to provide usable performance even at an SNR of 35 dB. This was
expected for the MD-1061 which has no error coding or interleaving at the 2400 b/s
rate. However, indications were that the HSM-1A would not tolerate the 2 msec
multipath. When using either modem at the 2400 b/s data rate, the modem itself
would not remain in synchronization.

(d) At a data rate of 1200 b/s and equal SNRs, the MD-1061 and
HSM-1A modems provided degraded BER and message transmission time
performance from that of the RF-3466 modem.

(e) At the request of NSA, the HFAID test circuit was operated
using various TSEC/KG-84C synchronization options. The synchronization modes
tried were (1) redundant (switch setting #1), (2) non-redundant (switch setting #2),
(3) HF (switch setting #6) and (4) HF with Anti-Spoof (A/S) (switch setting #7).
Messages were successfully sent over the circuit using the TSEC/KG-84C in either of
the redundant or non-redundant modes. Operation using these synchronization
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modes is mainly made possible since the HFAID resynchronization line controls all
COMSEC resynchronization functions. The message transmission time was measured
at selected SNRs and long interleaver delays using the COMSEC HF (A/S) TSEC/KG-84C
synchronization mode. The results are provided in table 2. The results showed that
the A/S mode does cause extension of circuit errors but this has no drastic impact on
the overall message transmission time.

Table 2. Transmission Times for TSEC/KG-84C
Operating in HF Mode 6 vs Mode 7

INTER- SIGNAL AVERAGE TRANSMISSION
BIT LEAVER HFAID TO TIME

RATE DELAY PACKET NOISE TSEC/KG-84 SYNC MODE
MODEM (b/s) (SEC) SIZE RATIO #6 (HF) #7 (HF WITH A/S)

RF-3466 1200(C)* 12.6 80 25 45.6 45.5
15 52.5 61.7
13 92.9 91.5

(1)2400(C) 9.8 80 30 42.9 44.4
25 41.8 45.3

* C = Mode I continuous

(1) Measured BER for 2400(C) Mode 6 - 1.14x10-4  MEASURED AT THE

Mode 7 - 7.2x10-4  RECEIVE OF EACH

Mode 7 - 5.5x10-3  KG-84C FOR EACH

Mode 7 - 1.1x10-3  HFMODEM

(6) Throughout the Phase II testing, it was noted that the HFAID was
able to maintain the integrity of the transmitted Mode I message even during very
poor channel conditions. The HF modem or TSEC/KG-84C COMSEC could lose frame
and a number of resynchronization cycles could be initiated by the HFAID, and when
the HF modems and COMSEC regained frame the HFAID message would complete
the message transmission to the ASC. Depending on the channel condition and the
HF modems capability to maintain synchronization or frame under those conditions,
it would take several minutes (>10 minutes) to complete medium message
transmission. However, the HFAID would maintain the message continuity.

c. Phase Ill, Over-the-Air Testing

(1) The average measured message transmission time, corresponding
calculated transmission efficiency and effective transmission speed results for the
over-the-air testing are provided in figures B-98 and B-104 through B-107. The
scatter plots of the individual data points for the transmission times are provided in
figures B-99 through B-103.
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(2) As done during the back-to-back and HF Channel Simulator tests, a
Model 40 teletype terminal with a Mode I interface was used at Fort Huachuca for
generation and transmission of the Mode I message traffic. However, for the over-
the-air tests, the Fort Huachuca Mode I interface and Model 40 Teletype Terminal
were operated using a 4800 b/s clock generated from the HFAID. Interconnections
are provided in figures B-108 through B-113 and switch settings B-8 through B-12.
By operating the Mode I terminal at 4800 b/s, the time to transfer the message traffic
to the HFAID was much faster than that required for the Mode I terminals at Fort
Detrick (see table in paragraph 9a(2)). An example of the message transmitted
between the Mode I terminal and the HFAID at Fort Huachuca is provided at figure
B-114. The total characters exchanged per each medium message and the
equivalent Mode I transmission time is shown below.

Total Total Mode I
Data Rate Message Planned Actual Transmission

(b/s) Size Characters Characters Time (sec)

1200 Medium 2520 3178 21.2
2400 Medium 2520 3178 10.6

Only messages of medium length (approximately 30 84-character
line blocks) were used for the over-the-air tests due to available/usable circuit time.
It is predicted that the transmission efficiency would improve as the message size
increases as noted during the "back-to-back" testing.

(3) Over the entire two week test period, satisfactory messages
transmission between Fort Detrick and Fort Huachuca was attained only on two
days. At all other times the background noise level at Fort Detrick's receive was too
high to allow the HF modems at Fort Detrick to stay in synchronization for any
usable length of time. On a number of days, the noise might have possibly been
overcome if the transmit power at Fort Huachuca could have been increased to 3
kilowatts or more. During approximately 80% of the time when the noise level was
high at Fort Detrick, transmission to Fort Huachuca was possible due to the low noise
floor and because Fort Detrick was able to increase their output power. The
maximum transmit power used at Fort Detrick was 8.5 kilowatts (Peak-Envelope-
Power)(PEP) and the minimum power used was 3.0 kilowatts (PEP). The maximum
transmit power at Fort Huachuca was limited to 1 kilowatt (PEP). During the two
days which the noise level at Fort Detrick dropped, message traffic was successfully
exchanged at 1200 and 2400 b/s using the RF-3466 modems. No successful message
exchange was possible using the MD-1061 or HSM-1A modems. During one of the
poor days, the data rate on the RF-3466 was changed to 600, 300 and even 75 b/s.
The link would not support message exchange even at 75 b/s data rate. The HF
Modem at Fort Detrick would repeatedly go in and out of data synchronization.

(4) The IONCAP link propagation predictions are provided at tables B-
13 and B-14. The optimum propagating frequencies followed those predicted in
most cases. The cause for the high noise at Fort Detrick was not determined but the
noise did increase as thunder storm activity moved into either location. However, a
direct correlation between the increase in noise level and thunder storm activity
could not be made. It is possible that noise could have been generated by a noise
source within the Fort Detrick area.

(5) The Fort Detrick end utilized Rotatable Log Periodic Antennas for
both transmit and receive. The site at Fort Huachuca used terminated Sloping Vee
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Antennas. The Transmit antenna was 500 feet on each leg. The receive antenna was
250 feet on each leg.

(6) At both Fort Huachuca and Fort Detrick the HF Modem Request-to-
Send (RTS), Clear-to-Send (CTS), Data Set Ready (DSR) and Data Terminal Ready (DTR)
control lines between the TSEC/KG-84C COMSEC equipment and the HF Modem
were tied high at all times. The only control line used by the COMSEC was the
Receive Signal Detect (Rec Sig Det) line. During the link testing, it was noticed that
during times of a deep fade or when the link was interrupted, the HF modem would
lose data synchronization. When the link returned, the modem would try to
resynchronize without sending a "preamble" for doppler (frequency) and phasing
(multipath) correction. In most cases the RF-3466 modem was capable of regaining
synchronization after a few seconds, but in a few instances the modems had to be
powered down and then up again in order to cycle the modem RTS line. This caused
the modem to send a new preamble. If the modem RTS line is tied high at all times, a
new preamble will not be sent.

(7) As noted in figure B-104, the transmission efficiency using long
interleaver delays (>2 seconds) at 1200 and 2400 b/s is lower then that when the HF
modems employ the short interleaver delays (_< 2 seconds). The error improvement
obtained using the long interleavers is overshadowed by the decrease in efficiency
due to the long end-to-end delays. Also, in most cases when the link could support
1200 b/s transmission, it could also support 2400. The transmission at 2400 would
experience a larger number of block retransmissions but the overall transmission
efficiency and effective transmission rate was better.

(8) In general, the HFAID packet size of 40 or 80 provided the optimum
transmission efficiency.

(9) Again, as during Phase II testing, the HFAID was able to maintain the
integrity of the message, even during very poor link conditions.

10. CONCLUSIONS

a. The HFAID does provide a viable interface between HF modems and the
AUTODIN system.

b. The transmission efficiency of the HFAID circuit is lower than that of a
normal Mode I circuit with aero end-to-end delay. This is expected due to the
additional end-to-end delay provided by the HF modem interleavers/deinterleavers.
As noted during the "back-to-back" testing, the HFAID circuit transmission efficiency
approaches 100% that of the Mode I circuit as the HF modem interleaver delay
setting is decreased.

c. The HFAID and RF-3466 combination provides an effective transmission
speed that exceeds the current 300 b/s for present HF/AUTODIN entry circuits. For
radio links which provide a channel BER of 10-3 or better, the HFAID/RF-3466
combination is capable of providing an effective transmission speed of 1200 b/s or
greater, using a data rate of 2400 b/s and a short interleaver delay of 1.6 seconds.

d. Any increase in transmission efficiency due to the improved error
performance of the HF modems using the link interleaver delays is completely
overshadowed by the corresponding decrease in transmission efficiency due to the
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increased end-to-end delay. HF modem interleaver delays of much over 2 seconds
should be avoided.

e. The HFAID and RF-3466 combination provides an effective transmission
speed that exceeds the current 300 b/s for present HF/AUTODIN Entry circuits. For
radio links which provide a channel BER of 10-3 or better, the HFAID/RF-3466 modem
combination is capable of providing an effective transmission speed of 1200 b/s or
greater, using a data rate of 2400 b/s and a short interleaver delay of 1.6 seconds.

f. For degraded channel conditions, the HFAID was able to provide greater
transmission efficiency by selecting smaller data packet sizes. However, for packet
sizes of 10 and 5 characters, the transmission efficiency degrades because of the
increased number of protocol "overhead" characters that are transmitted. For
channel simulator tests, the optimum HFAID packet size was generally between 20
and 40 characters. For the over-the-air tests, the optimum packet size was generally
between 40 and 80 characters. For the back-to-back tests using an error free
channel, the optimum packet size was 80.

g. The "ignore counter" setting should not be set to its highest setting (1,1).
This allows 384 line blocks to be ignored before a "resync" is generated by the
HFAID. This can lead to a situation where the COMSEC is out of sync but it will not
receive a resync from the HFAID until the "ignore counter" threshold has been
reached. This could be several minutes (greater then 15 minutes) depending on the
HFAID packet size, bit rate and "ignore counter" threshold setting selected. The
smaller the HF modem interleaver delay the smaller the "ignore counter" threshold
that has to be used.

h. The data rate should be set for 2400 b/s and other radio link parameters
(i.e., transmitter power, antenna gain, space diversity or frequency diversity)
changed to allow for a BER of 1 x 10-3 or better (approximately an SNR of 20 dB).

i. The MD-1061 and HSM-1A modems should not be used for data
transmission at 1200 or 2400 b/s over HF radio links which are marginal due to
multipath or noise degradation. For wireline or LOS applications, the modems may
provide satisfactory performance.

J. For proper operation between the HFAID and the TSEC/KG-84C, the KG-

84C must be set for continuous clock and synchronization (switch 511) "off".

11. RECOMMENDATIONS

a. Recommend that short interleaver delays (less than two seconds) be used.
This will maximize the circuit throughput.

b. The RTS line between HF modem and COMSEC should be installed at
HF/AUTODIN Entry sites to allow for the retransmission of the HF modem preamble
after a deep fade or circuit interruption.

c. The MD-1061 and HSM-1A modems should not be used for HF radio
skywave links operating at 1200 or 2400 b/s.

d. Recommend that if a standard HFAID packet size is to be used by the HF
Entry sites, that a packet size of 40 be chosen. This provides a medium value which
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should provide a nominal transmission efficiency for good and poor channel
conditions. In conjunction with this 40 character packet size, the "ignore counter"
should be set to generate a resynchronization after ignoring 96 blocks. This will
mean that the HFAID will not ignore blocks for more than approximately 69 seconds
before generating a resynchronization command. This should also provide a
workable system for channels with a BER of 1 x 10-3 or better.

e. Further testing should be done with the HFAID at 2400 and 1200 b/s using
an HF Radio link with space and/or frequency diversity. With space and/or frequency
diversity and 10 kilowatt transmit power, a link with 80% to 90% availability may be
possible as compared to the 10% or 20% achieved during this test.

f. When HFAIDs are procured and fielded for HF/AUTODIN Entry sites,
recommend that the switch settings and interconnect information as noted in this
report be added to JCS Publication 6.05. Also, the unique switch settings for the
TSEC/KG-84C should be added to the KG-84C Joint/Combined Interface Procedure
(JCIP) that is presently being prepared by this agency. The JCIP will cover the basic
differences between the KG-84, 84A and 84C. In addition, it will cover a number of
service or program (MILSTAR, Regency Net, etc.) unique applications.
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APPENDIX A

GLOSSARY

ARQ Automatic Request Repeat
ASC AUTODIN Switching Center

AS Anti-Spoof

AUTODIN Automatic Digital Network

BER Bit Error Rate

BERT Bit Error Rate Tester

b/s Bits Per Second

CHAR Character/s

COMSEC Communications Security

CTS Clear-to-Send
DCA Defense Communications Agency

DCEC Defense Communications Engineering Center

DPSK Differential Phase Shift Key

DSR Data 3et keady

DTR Dac; ,erminal Ready

ECTC East Coast Telecommunication Center

EOM (End-of-Message)

JCSE Joint Communications Support Element

JITC Joint Interoperability Test Center

JTC3A Joint Tactical Command, Control and Communications Agency

JTE Joint Test Element (Now JITC)
HF High Frequency

HFAID High Frequency AUTODIN Interface Device

Hz Hertz

KHz Kilohertz

LBLK Line Block

msec millisecond

PEP Peak Envelope Power

RTS Request-to-Send

RX Receive

sec Seconds

SNR Signal-to-Noise Ratio

SOH (Start-of-Header)
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TASCID Tactical AUTODIN Satellite Compensation Device
TTY Teletypewriter
TX Transmit

USAISC United States Army Information Systems Command
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message txcnangeo tsetween ivhooei "u/mooe i vves~ern unfion) i erminai ang Lne
HFAID Mode lIInput

SITE: Fort Detrick, MD
DATA RATE: 1200 b/s (Mode 1)

4800 b/s (Model 40)

7x FULL DUPLEX

Rx Z SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
y y y yy yyyy yy VV V YY V VV V V VV VV V VV YVY V VV V YV VY V VVY VVY V VV V V V VV Y V

---------------------------------------------------------------------------------

---------------------------------------------------------------------------------
Rx RLQQIWZAOCCO OOOOOOC-CU'%tt--RVQQSDA.CCLZNR I,:CtCCLBTCCL:ESSSSSSSSSSSSSSS

RRF RRF RRFMB YVYVVVYYVYYY

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
* !'* YYYYx*YYYYYYYYYYYYYYY~yy yyyyyVyVVyyyVVyyYYVVYYYKYYYVYYgI'*

YY",YYVYYYYYYYYVYYYYYYyyyVVVyyyyyVyVyyVyVyVyyyyyyyyyyVyyyyyyyyyyYVVVyf

------------------------------------------------------------------------SS
YYVVssvYVYYYYVYVVYVYsyVYYVVYVVVVVVYYYVYVVVssyVVVsyVYYYVVYVVVVYVVYYVVYYVVYY

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
:x YYVVVYYVYVYVVYYVVVVYVYVYVsyVVYYYVVVVYVYVYVVYVVYYssyYYYVVYYVYVVVYVYYVVYVY

Rx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
V Y VV V V VV V V VV V V VV Y VV V VY V VV V YYYYYYYV V V V V YVY YY V VY V YYYY YYY V V

7x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YVYVYYVyVVVVVVVyYYYVYVyyyVYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyV

Ix SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
V V V V V yVVyyyV V Y YVY yVYyyyyyVyy YYYYYVyy yyyyyyyyyyyyyyYVyVy VYyyyy yyy V V V

yyyyyyyyYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
------------------------------------------------------------------- 7------

Rx SCOOSSPTCOOSPSCOOPTCOO1STOOPTCO2PTCOPTCOOIPTCOOIPTCOOIPTCOO2PTCOO2P
-YYYYYYX BIX

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs
YYYYVVYVYVVYYYYVYYYYYVVYYVYS YYYYYYYYYYYYYYYYYYYYYYYYYYVYYYYYYYYYYYYYYy
---------------- -------------------------------------------------------------

xx :COO2PTCOOIPTCOOIPCES*Pcoo02pPcoo2PTco2s~p Coo5PTCoo2PTCoo3PTCoo2PTCoo3P
BBBXF

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYyyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYKYYYYYYYyyyyyyyyyyyyVyyyyyyyyyy
-----------------------------------------------------------------------------

Rx TCO03PTCOO3P FigureS-49.PhaseI&II0odESS#Tst0ugPl00bA 50PTC003PTC003P

7x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYVyyyyyyyyyyyyyyyyyyYYYYYB-51 YYYYYYYYYYYYYYYYYYYYYYyyyyyyyyy
----------------------------------------------------------------------

Rx TC004PTC004PTC004PTC .O04PTCOO4PTCOO4PTCO@4PTCOO4PCOO4PTCOO4EFST*PTCOOSSP



Y I, I II V 'l I I . IIIII L Ia I Ii I I IIIIII I L a a .iz I ; Ia .44 . . . .a. .........

Rx rC003PTC005PTC005PTCOOSPTC005PTC005PTC005PTC005PTC005PTCOOSPTCOOSPTC005E

----------------------------------------------------------------------------------------------------

Rx GS7SPTCOOOSPTCOO6PTCOOGPTC0O6PTCOO6PTCOO6PTC006PTC0O6PTC0O6PTC0O6PTC0O6P
SXF

7 x SSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSssSSSSSSSSSSSSSSSssssSSSSSSSSSSSSS

3SX7
-. SSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSS5SSSSSSSSSSSSSS~,SSSSSSS;-;

.............. ~V '~YVYY . Y: iYY Y YY Y- Y:Q'~a\Y y

Px -7 CCC 7P- CCC -PI.CcC77C37-,:S-:'COOCSP7 C Co8v C8 .CC7~C87C
3SXF

.x SSSSSSSSSSSSSSSSSSSSSssssssss:Z7SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

C x 70C8C-^,r'P CO08PTC'C'C8PTCOO8 PTC008E)S 7#P7COO09SPTCOO9PTCOO 9PTCOC 9?7CC C9:

Tx S SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSS SSSSS

Rx 'ACOC9?7C.OO9PTC009PTCOO9PTCOO'09PTCOO9PTCOO9PTCOO9EDS7#PTCO1OSPTCOIOPTCOI1C?
BIXF

'x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSS
VVVVYYyyyyyyyyyyYVyyyyyyyyYyyyyyyyyyyyyyyyyyyYYYYS SYYYYYYYyYYYyYy

Rx TCO:OPTC.OIOPTCOIOPTCOIOPTCOIOPTCO2OPTCOIOPTCOIOPTCOIOPTCO1OEES7*PTCO1 ISP

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSS
YYYYYVYYYYYYYYYYYYYYYYYYYYYYYYYYYYYyyyYyyyyyyyyyyyVyyyyyyyyyyyyKKYYYYV*

Rx TCOIIPTCO1 1PTCOIIPTCO11PTCOIIPTC011PTCOIIPTC0l1PTCOIIPTCOl 1PTCO11PTCO1lE

YYyyYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

RX CS7SPTCO: 2sPTCO:2PTCO2PTCO12PTC012PTCO12?TCO12PTCO12PTCO1 2PTCO1ZPTC01 2?

.x SSSSSF.SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStsssstsssssss
Y YY VS SYV VY VY YYYYYYyyyyyyyy VVV VVVY VVVVVVY V VV V V VV V V VV V V VV V V VV V V 'V '( N

RX TCC:2?TCC! 2EES7.PTCOI3SPTCO13PACO13P7CO;3PIC13PTC013P7.COI3PTCO13PTCO 3p
BCXF

71 SbSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYVVVVVVYYYYYVKZYVYVYYVVYYYYYYYYVYYYYYVYYYYYYYYYYVVVYYyyyyyyyyyyyy
-----------------------------------------------------------------------------

Rx TC02 13 r7C C 3 P 7C0: 3 P 7CO13 ES S 7 P TC0145P T C 014 P 7CO04 PT CO014 PT CO014 P TCO04 P TCO014 P
3BXF

'x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YVYYYYyVyyyyyyyyyyyyyyyyyyyYYS S YYYY~YYYYYVYYVVVVVyyyyVVYVYYyyyyyVVV
-----------------------------------------------------------------------------

RX TCO14PTCO14PTCO14PTCOI4PTCO14PTCO14EGS7*PTCO1SSPTCO1SPTCO15PTCOISPTCO15 P
ASXF

Tz SSSSSSSS- -- *' ;SSSSSSSSSS
yyyyyyFigure B-49. Phase I & 11, Mode I Test Message, 1200 b/s (continued) YYYYyy
----------------------------------------------- B-52-------------------------------

RX TC01 SPTCO1 SPTCO1 SPTCO15PTCO1SPTCO1SCCISspTCo13ES7*PTCO6SPTCOGPTCO1 SP
9SX7



BSXF
.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSsss

yyyyyyvyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYYYYYYYYYYYYYYYYYSSYYYYYYYYYyyyyyYy

Rx 7C O2 0? 7C OwZalC 028 PT CO02 8PTCO02 8P TC 02 8P7 C 028PTCO02 8PTC 02 8PTCO02 B-ZDS 7C C L 0 0 0C

.x~ SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSS
Y lyV, YYYYlyyyyyyyyyyyyyYYYYYYYYYYY "Yy'lyyyyyVNYYYYYYYYYYYYYYYYYYYYYYKKYY YY

.Rx z ::N::::ssssSS Ssss Ss5SsSsssssssssssssS SSSssssssssssssssssssssisssssS
............ Y Y Y :'...VYYY Y

fRX SSSb SS!)SSSSSSSSSSSSSSSSSSSSSSSSSSSSDDOSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS 5
'Yy *\*yyyyy*y*y.*yyy: YyylyyyyyVYYYYYYYYYYYYYyYyyyyYy.-

.x SSSSSSSSSbSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSRRSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyyyyYYY.".YYYYYYYYYYYYYYYYYYfYYY.YYYYSYYYYYYYY'XYYYYYYlyyysyyyyyyyyyyyy NY%yI'y

Y'i: : %'* YYY IYYYYY'iYYYY'iYYYYYYYYYINYYYYYY'YYYYYYYYYYYy yyyyyyyyyYYYYYY

.x SSSSSSSSRRSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyyyy5yyyyyyyyyYYSYYYYYyyyyYYyYYYYYYYyyyyyyyyyyyyyyyYYYYYyyyyyyyyYyyyyyyy

RX SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSDDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYyy:Y'iYYYYYYY''iYYY''VYYYYYY'Y 1 IyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYY*

-ysl *... VYYYYYYY'~YYYyyyyyyyy Yyy yyyyy YYyYY YYYYYYYYYY SSyyyyyyyy YYyyyy

---------------------------------------------------------------------------------

RX sssszsssssssssssssssssssssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs
YYy-lYV*.-7Y7*1YVYYYYYYY'~YYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYI

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs
yyyyyywsYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyiyyyyyyyyyyyyyyyyy
-----------------------------------------------------------------------------

Rx SSSSS""SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSDssssssssssssssssssssssssssssss
fyYYY: YYYY'yyyyyyyyyyyyyyyyyyyyyyyyyyy11yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

TAX SSSSSSSSSSRSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
Y Yy y y t'1 'yySyyyyyyYY YY YYY VYVYYYYYYYYYyy YYYYVY yyy S SYyyYY YYYY YYYYY.YYYY VYY Yy
----------------------------------------------------------------------------

Rx ssssssssssSSSSSSSSSSSSSSSSSSSSDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSS
yyyyyyyyyyyyyyyyyYYYyyYYYYYYYYYYYYYyyylYYYYYYYYYYYYYYYYYYYYYYYYYYYYYV

Ti SSSSSSSSSSSSSSSSSSSSsssssssssssSSSSSRSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
VY jyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyVVyVYYYYYYYYYYYVYYYYYYYYYYYYYYYYYyy
.................. -----------------------------------------------------------------

Rx SSSSSSDSSSSSSSSSSSSSSS~sssssssssssssssssssssssssssssssssssssssssssssssss
YYYYYYyIyyyyyyyyyyVyyyyyyVVyyyyyyyyyyyyyyVyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

yyyyyyyyFiguryB-49. hase I yB, Mod I TestMessage 1200 bs (contnued) .yyyyyyyyyyy

-----------------------------------------------------------

Rx SSSDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSSSSSSSSSSSSSSSSSS
VyyyyVVVVlyyyyyYYYYYYYYYYYYYYyyyB-53 yyyyyyyy1 yyyVyyyyyyyyyyyyyyyyyyy

Tx SSSSsSSSSSSSS-------------------------------------R^S------S-SSSSSSSSSSSS
yyyyyyyyyyyreVV-9.yPhse I&Y11,Mod*YYTesYMessgeY100YYs (continued)YYYYYYYYYYY

----------------------------------------------------------------------------



R x :CO16PTCO16PTCO16PTC016PTCO l6PTCOI6PTColsPTC016PTC016PTCol6EUs7uPTCol 75P

Tx 9SXF
Tc SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSS

', Y Y Y Y Y Y- Y- Y- Y- Y- '-Y' Y- Y- 'Y' 'Y' 'y " 2'yyYYYYYYYyy y y y y yy y y y y y y y y y yy y y y y y yy y yyy y y y YY V y

---------------------------------------------------------
7~ 'C 0: 7 ? TC17 P TC 0-7 Pa-C 17T C 017 P TC017TP T C017 P T Co1 7PFT C017 P TC 017 P TC 0 27 P TCo

.x sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss58
y ,Ty11 vyyy yyyy \YIY~YYYY Y y Y Y YY Y YYY VYVy y VVyV VVVy V VVy VVVVVVVVVVy V VVVV'u1yyy yy y.
----------- -----------------------------------------------------------------
:Is xl: 3S:C Us?:8FXC:p ',:U OP cZ CO?:c8P7-0: OPTc0: 8P7Cc-: PTCO~a

~S S~VY~YYX'~' YYYYYYYYY. ......... ......... YY 1 L YWY''YV
-----------------------------------------------------------------------------

.x SSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSssSSSSSSSSSSSSS~SSSSSSS

BLXF
x S S S S SS S SS SS SS S SSS S SS SS S SS SS F FS SS S SS S S SssS S SS SS SS SS S S S S S S S S s 55

YYYYYYYYYYYYYYYYYYYYYYYYYYYYYS SYYYYYyyyyyyyyyyyyyyyyyyyyyyyyYYYYyyyyv".*

RX TC02 OPT'C02OPTCO.2OPTC02OPTC02OPTC020ESS7*PTC0221SPTC021IPTC021PTC021PTC02 :P
BBXF

Txc SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYK KYYYYYYYYYYYYYYYYYYYYYYYYYYYYYI

BCKF
Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSss

YYYYYYYYYYYYYYYYYYYYYYYYYYYyYyyyyyyyyyyyyyyyyYYYYYYSSYYYYYYYYYYyyyyyy

Ric TC022P7CO22PTC022PTC022PTC022PTC022PTC022PTCO22PTCO22PTC022ECS7*PTC023SP
BNXF

'"X SSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSsS
y yy y y yyy y yyyyyyyyyyyyyyyyyyyyyyy yyyyyYYY YYYYYYYYYYYYYYYYYYYYYYYyyyyYK KY Y YrY

R x 7 :' ?0 3PTC 02 3PTC 02 3PTC 02 3PTC 02 3PTC02 3 PTC 02 3PT C 02 3PTC 02 3PTCO 23PTC 02 3
B

:x SS SS SS SS SS S SS SS S SSSSSS SSS SS SSSSSSSSSSSSSSSSS SS SS S SS SSSSS SS SSSSSS.SSSSSS SS

KXF

YYY VYS SYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

Tx SSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYYYYYYYYYYYYYYKKYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
-----------------------------------------------------------------------------

RX TC025PTC025PTC023PTC025EUS7*PTC026SPTCI026PTCO26PTC0OPTC0OPTC0OPTC026P

Tx SSSSSSS4 SSSSSSSSSSS
' iure 8-49. Phase I & 11, Mod* I Toot Message, 1200 b/S (continued) YYYYY

-----------------------------------------------------------------------------
Ri TCOZ6PTCOZOPTC0OPTC02OPTC0OSPTC 8.54 ;IePTCO27$PTCO-7PTCOZ7PTCO27PTCO27P

Txc SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSS
.... !.,.,.%V Vv%'VV VVVYvvvv 'yYYVYYYY YYYYyyKyyyyyyyyyyyy yyYYyyyyyyyy



Message Exchanged Between Model 40/Mode I (Western Union) Terminal and the
HFAID Mode I input

SITE: Fort Detrick, MD
DATA RATE: 2400 b/s (Mode 1)

4800 bs (Model 40)

:X FULL DUPLEX
RX SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSASHRATU ZYtW RUQQTXAOOOO 0000000-UUU

yyyyyyyyyyyYYYYYyyyyyyYyyyyyyyyyyyyy ii
7 X ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

ix LC--RUQQSDA.CCLZNR UUUUUCCLBTCCLEERSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsSSSSSS
RRF RRF RRF!48 VYVYYYYYYYVYYVYYYYVVVVYYYYYYYYYY

7 X SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYVYYYYYYYY......YYYYYVYYYYYYYYYYYKKYYYYYYYVYYYYYYYYYYYYYYYYYYYyYYYY

SSSSSSSSS-bSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SS

RX ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

yyyyYYYYYYYYYYYYYYYVVYYVVVYYYYYYYYYVVYYVYVYYVVYyVYVyyyyyyyyVYYVVYVyy

:X sSSSSSSSSSSSSSSSSSSSSssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSss

yyyyyyyyyyyyyyyyyyyyyYYYYYYYYYVyVyyyyyVyyyVyyyyyyyyVVVyyyVyyVVVyy7V

sS-sSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS S

fyVVVVYyyyyyyyyyyyyyyYYyyyyyyyyyyyVVyyyyyyyyyyyyyyyyyyyYyyVyVyy
7x ssSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs

y,.yyyyyy~yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy 1 yyyy

Y vYYYYYYYYV'yyyyyyyY~yyyyyyyyV V yyyyyyyyVyyyyyyyyyyyyyyyyy YYYYYV'
*X ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

yyyygyyyy VVyVyyyyyyyyyyVyyyyVVyYyyyVyyyVyVyVyyyyyyyyyyyYYYYYyy
----------------------------------------------------------------------------

AN x issssssssssssssssssssssssssssSSSSSSSSSSSSSSSSbSSSSSSSSSSSSSSSSSSSSSSSSs

7 x ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
y yWyyyyyyy yyyyyyi yyyyyyyy Y Vyyyyyy:yyyyVyVyyyyyyyy~yyyyyyyyyyyy

----------------------------------------------------------------------------
?\ ,sssssssssssssssssssssssssssssssssssssssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

:vyyyyyyyyy'yyyyyyyyyyyyyyyyyyyyyyyVV7VVVVyyyyyyyVyyyyyyyyYYyyyVyVyVyyy

-------------------------------------------Fiue-5.PaeI&IMd etMsae 40b
RX SSssSssssssssssssssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

?YYYyyyyyyyyyyyVYYYYYYYYYYYYYYY B-55 yyyyyyyyyyyVyyyyyyyyyyyyyyyyVVVyyy
7X ssssssssss~sss sssssssssss5ssssssssssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

:Yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy~YYVYYVVVVVYYV
----------------------------------------------------------------------------



Tx ssssssssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssssssssSsssssssss
Y Y VVY V V V V V V V V V y y yyyyyy y V VV yV V VV Vy' y VVVV~ ~ ~ t'yy y y yy y yy y y yyyyyyy
-----------------------------------------------------------

RX :PTCOO1PTCOOIPTCOOJPTCOOIPTCOO1PTCOO1PTCOOIPTCOOIEESSSSSSSSSSSSSssssSSSs
T BNyYyYYYYyyyyyyyyyyN

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSsSSSSSSS

-- ---------- --- ------------- --------------------------------- --------------- -
R x SSSSSSSSSSSSSSSSSSSSS*PTCO2SPTC02PTC02PTC02PTC02PC02PTC002PTC002

3BYYYYYYYYYYYYYYYYYYYVYYYYYYyyyw
.x ssssssssss$SSSSSSSSSSSSSSSSSSSSSSSSASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSbSSSss

3 B Y YY Y YYYYYYVYY Y YYiYY Y YYYYYYYyy yy,y y

-xssSSSSSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

N.. -:% YYYYYVYY'yyyyyyYVVYYVYYYYYYYYYYYYYVyl YYYYVYYtYy: Y-,

Ts? CCC3T CCSSSC SSSSSSSSSSSSSSSSSSSSSS3SSSSSSSSSSSSSSS7S0PC SPCOO4PC

. Y. y y y YYYY'YYI'YYYYVYVVVYYYYYYYYVYY yYYYE yyyyyy'N,-!

RX ssssssssssssSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS*-C0ST047

YYYYYYYYYVSSYYYYYYVVYYYYYYYYYYYVYYYYYYYYYSYYyyyyyyyyyyyyyyyyyyyyyYYyYYyy

.Rx OC4PTCOO4PTC004PTC0O4PTC0O4PTC0O4PTC004PTC0O4PTC004PTC0O4PTC004EFSSSSSSS
B SYYYYV V

:x SSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASS
YYYYYyY YYYVVYYYYYVYYYYYVVVVVYYYYYYYVVYYYVVVYYYYYYYYYYYYYYYYXKYY
------------------------------------------------------------------------------

RX SSSSSSSsSSSSSSSSSSSSSSSSSSSSSSSSSS78PTCOOSPTCOOPTCOOPTCOSPTCO5PTCOO
YYYYYYYYYYYYYYYYYYYYYYYYXF

YYYYYv yyyyyyyyyyyVVVVyyyyyyyyVyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyVyyyyyyyy
-----------------------------------------------------------------------------

Rx 5PTCOOSPTC0O5PTCOO5PTC005PTCOOSPTCOOSPTCOOS!GSSSSSSSSSSSSSSSSSSSSSSSSSSS
BSYVYVYYVYYYVYYYYYYYYYYVYY

:x SSSSSSSSqSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSS
yyyyyyyyyyyyyyyyyyyyyyyyyVyyyyyyyyyVVyyyyyYYYYYSSYVYYYYYYYVYYYYyyVyyy
------------------------------------------------------------------ :-------

R x SSSSSSSSSSSSSSS7.PTC0OOSPTCOO6PTC006PTC006PTCOO6?TC006PTC006PTC0O6PTC006
Y YYYYYYYYYYYX F

yyyyyyyyyyyyyyyyyyyyyyyyy yyyyyyyyyyyyYVYVyVVYYVyyyyyyyyyyyyyyyyyyyyyy
-----------------------------------------------------------------------------

BSYVYYYYYYYYYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyXF
:x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

YYYYYYYYYYYYYY~yYYYYYYYYYYYYYYKKYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
-----------------------------------------------------------------------------

RX C0O7SP7C007PTC0OPTC007PTCOO7PTC0O7PTCOO7PTCOOTPTCOOTPTCOO7PTC0O
7 PTC007P

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyV

RX TCoo7ussss FigureS-SO. Phase &11, Mode ITestMessag, 40b/ (cotinlued) :CooPTC
DSYYYY YYYYY~YYYYYYYYYYYYYYYVYYYYYYTYYYYV

Ti SSSSSSSSSSF sssssSsssrssssss5ss9sssss~ssssssssssssssssssssssssssssssss
YYYYYYYYYYSS YYYyyyyyyyYf -6y~YYYYYYYYYYYYYYYYYYYYYVB5 yyvyyyyyyyyyyyyyy
-------------------------- ---------------------------------------------------

Ri OOSPTCOOSPTCOOSPTCOOSPTCOOSPTCOO8PTCOOSPTCOOOPTCOOSPTCOOSEDSSSSSSSSSSSSS
BLt VV Y VY 'YN"YYV V



RX SSSSSSSSSSSSSSSSSSSSSSSSSSSSS7*PTCOO9SPTCOOOPTCOOOPTC009PTC0ogPTC0ogPTCO
YY Y 7 YY YYYYYYY'YY YYYYYY Y'7YYYX F

--------------------------------------------------------------------------
RX C 9 P7Co09 PTCOQ'09PTC0O9PTCOO9P7CO09PTC0O9 ED SSSSSS SSSS SS SSSSSSSSSSSsSSSSs s s

31 YYYYYYYYYYYYyY' YYYYyyyyyyyy
,x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSS~s

:YY ~ YYY I*V .-- ",7yyyyyyyyyyyyyyyyyyyyy YYY? YYS SYYYYY'7YYYYYYYYYYYYYYYYYYYY

R ------------------------------------------------------------------------------

7 SI,,sss)SSSSSSSSSSSSSSSSSSSSssssssssssssssssssssssSsssssssssssssssssSSss

---------------------------------------------------------------------------------

BMYYYyYYYYYYYYYYYYYYY*,%Y~f'!YYYYYyY*YYYyYYYYYYYXF
* x SSSSSSSSSSSSSSSSSSSSSSSAASSSSSS:SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

yyyy 'y.--.-..--.... YYYYYYYYKXYYYYYYYYVYYYYY YY YYYYYYYYYYYYYYYYYYYNYYYYNYYYY
-----------------------------------------------------------------------------

,Rx 7CC; :!?7Zc"::?7oi:01?TCOIPTCO11PTC011PTCO11PTCOIIPTCOIIPTCo1 P CO1:PTCO117

Rx CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7.PTC012SPTC012PTCOI 2PTCO1 2PTC
.yY'7' 7Y''Y' 'Y'Y'7 Vyyyy Y '7 ' '7 7 'Y ' Y '7YY YY7YYYYYY7X F

Tx SSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsS
YY'Y S S Y'Y7Y'''Y'Y7'Y'Y7YYYYYYYY'''Ypp'YYYYYYYYYYyyyyyyyyyy yyyyyypyyy'y'y'yyy'yyyyyyI

Rx O12PTCOI 2iTCQ12PTCOI2PTCO12PTCOZ2PTCO12PTCO12PTCO12EESSSSSSSSSSSSSSSSSSS
BcYYYYYYYYYYYYYYYYYYY

,x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSS
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY'yyyyyyyyyyyYYYYYYYKKYYYYYYYYYYYYYY

Rx SSSSSSSSSSSSSSSSSSSSSS7*PTC13SPTC13PTC13PTC13PTC013PTC013PTC013PTCO
YY'7'7'7Y(YY'7 YY Y 7 Y YYYYX F

'p yYYy'' 77yyy7(7'yyyy 'yyyyy 7yyy Yyy yy Yy'yyyyyyy' y y yyy'7'(y'Y yYYY y'Y Y'pY~'y'py y'pY YYY',

R 3rPC:37'TCO13P7CO13PTC013PTC013ESSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
3 BYY'' 77'' YYYY 'YYYY '''(77YY(7 7YYYY YYYYYY Y'7'(7 7YY

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSS$SS%'SSSSSSSSSSSSSSSSSS
YYY'yy'yyyyyyyy'yy'7yyyyyyyYYYYYYYYYYYYSS''Y'Y'Y'YYYYYYYYyyyyyyy'y'f7'yyy

Rx SSSS78PTCQ.14SPTC014PTC014PTC014PTC014PTC014PTC014PTC014PTC014PTC014PTCOI
Y'YxF

Tx ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYy'pYYYYYYYyyyyyyyy'y'7yyyyyyyyyyyyyy
---------------------------------------------- ----------------------------

Rx 4PTCCI4?TCOI4ECSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7*PTC0I5SPTC015P
B S Y YYY '7 YYYY YYY '7' 7'7' 7YYYY '7 YYY YYYYY '7YYYY YYYK?

Tx SSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYY7Y'7Y'7Y YYYYY''K KYYY Y (Y'7YYY Y'Y YYY YYY'7YY'Y '('YYYY'YYYY('7YYYY Y'7 'Y7'7'('
--------- -- ------- ------------ --- ------- --------- -------- - ---- --- -- - ----- -- -- -

RX TCO15PTC13PTGOIOPTCOI5PTCO1 SPTCOISPTCOISPTCOISPTCOISPTCOISPTCO15EFSSSSS
Is'7YYYY

Tx SSSSSSSSSSS - ISSSSFF
yyyyyyyyyyy Figure 8-50. Phase I & !I, Mode I Teot Message, 2400 b/s (continued) YYYS
------------------------------------------------------------------------------------------------------

RX ssssssssssssssssssss~sssssssssssso. 8-57 -PTCOISSPTCO1SPTCo1SPTCO1SPTCO1OPT
yyyyyy'7yyyyyYyyyyy'7YyyyyyYyYYYYXF

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS~SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS~SSS



RX CC: 6?'%CO16PTCO16PTCOI6PTCOI6PTCO16PTCO 8PT' Ol6LSSsSSSssSSSSSSSSSSSSSSS
9syYyYYYYYYyYyyyYYYyyyYy

x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSS

---------- --- ---------------------------------------------------------------
55x ss SSS SSSSSSSSS7#PCO:7SP7C^:7PTCO:7PTCO I7PTCO: 7PdCO: 7PTCOl7PTCO17PTCC
YYyyYYIYYYYYYYYyYX?

.x ~ ~ 7C7~Z 7?7I.1ss sss: 7:Rssssssssssssssssssssssssssssssssssssssssssssss-,
1 .1 . -~ ~ ~ S INYY yyyy*yyy*YYYYYYY YYY VNYYIY YYYYYYYYYYYYYYYYYYYyyYyy%*

Y ~ ~~ ~~ . Y'YYYYY\ ' YS YYYYYYY *YYY fyYYYYYYYYYYYYYYYYYyYYYYyY: -

Rx P.-'' ,:SSO:PO:PTCO:~38?CO8CO:PT.CC:8 I8PTCOIPT-O8PTCOa8PTcc:.'
x SS$SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

NYY*\-yyyyyyyyyyyyyyyyyyy yyyyyyYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYyy)

Rx 8P?7CC :8t--SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7#PTCO19SPTCO19PTCO19P
YYY'.YYYYYYYV'iYYYYYYYYYYIYYYY'YYYYYYYYYYYXF

ix SSSS SSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYY* y Y*YYYKKYYYYYYYYYYYYYYYYYYYYYYYYYYYY yyyyyyyyyyyyyyyYYYYYYYYYYYYYN

Rx T'z: 9prC0"V:9PTCO1gPTC019PTCO19PTCO1SPTC0ISPTCOISPTCO1OPTC019EDSSSSSSSSSSS
BLYYYY Y VVVY Y

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSS

-Y---------Y---Y--Y-Y-Y--YYY-YYYY-YY-YYY-YYYYVYYYYYYYYYYY--YY-YYYYSSYYYYY

Rx SSsSSSSSSSSSSSSSSSSSSSSSSSSSSSS7SPTC2SPTC2OPTC2OPTC2OPTC2OPTCO2OPT
M Y 'Y* yyYyyYVlyyyy~yyyVYYXF

* x ssSSsssSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs

------------------------------------------------------------------------- -

RX CC2C?7CO'20PTC020PTC02OPTC02OPTC02OPTC02ESSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
3 BYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYI

:x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSS
yVyVVyyVVyyyyyyyyyyyyyyyyyyYYYVYYYYYYYVYYYYKKYYyVyyyyyyyyyyyyVyyyVyyyy

Rx S SS S SSS S SS SS 7 8PC 32 1S P TC 02 PC 2 PTC 2 P 2 1PTCO 2 1PTC 2 1PTCO 2 PTC 02 1PT C

-p

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyVYYYYYVYVYVVVYYVYYYYY*'VYY
-----------------------------------------------------------------------------

RX CW2:P:c.C2:'"*T.2:?C21ESSSSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS78PTCO22
BCYYYYYYYYYYYYVVVYYYYYYYYYYVVYYVYXF

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyyyyyyyyy .YYYYYYYYYYYYyySSVYyyVyyyyyyyyyVyyVyyyyyyyyyyyyyyyyyyyyyyyyy
-----------------------------------------------------------------------------

Ax S PTCO02 2PTCOZRPTCO2'2PTCO2 2PTCO02 2PTCO02 2PTCO02 2PTCO02 2PTCO02 2PTC02 2PTC0Z2 2PTCO02
Tx ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYYYYYYYYY
-----------------------------------------------------------------------------

Rx 2ECSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7*PTC023$PTC023PTCO23PTC023
BKYYYVyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYYYYYYXF

Tx SSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyyKYYYYYYYYYYYYYYYYYYY yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyVyyyyy
------------------- ------------------------------------------------

Rx PTC023PTCOd' Figure B-SO. Phase 1 & 11, Mcd. I Test Message, 2400 b/s (continued) SSSSSS
Of a a A a a a *a . YYYYYY

T SSSSSSSSSSSSSSSSSSSSSSSSS5 8-58sssssssss BS SSSSsssssssssssppsssssssssss
yyyyyyyyyt 6 yyyyyyyyyyyyyvvyyyyy~yvv&.Yyyyyyyyyy~iyyyyyyys SYYYYYYYYYYY

---------------------- ---------------- --------------------------------------
S S S cS S S 5S9S S 5 S S S SS7 #?- C 0-2 4S PT CO02 4P 7C 02 4PTCO02 4PTCO02 4PTCO02 4PT C 2 4P T



V YY VY~ YIf, VV Vy~y y Vy Vyy Y VV VV Y 'r Y Y VVV yyyyyyY V V VV V V YV Y Y VY VYY V y y yy yyy
-----------------------------------------------------------------------------

Rx CCO24 PTC024 C24PC24PC2 4r&,,o24ERssssssssssssssssssssSSssssssssssssss
B SYYVYYYYYYVYYYYYYYYYYYYVVyyyyyyyyy

.x SNSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSS5SSSSSSSSSsSSS
YYYYYYYYYYYYYYVYYYYYYVYYYYYYYVYYVKKVYYYYYYYYVVYYYYYYYYYYYVYYyVyyy

Rx SSSSSS78P. CO25SPTCOZ5PTkCO25PTCO25PTC025P7CO25PTC025PTC025PTC025PTC025P':

* x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSs sssss

Zi'x 025 ?CO2S5PT\CO23ECSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7*PTCO26SPT-,cC
BSYYYYYYYYYYYYYYYYNYYYY YYYVYYYYYYYYYYYYYYYYXF

* x SSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
Y'.yYYYV"YYYYYYYYYS SYYV''IYYYYYYYYYYYYYYYYYYYYYYY YYYYYYYYYYYYYIyNYN . .
---------------------------------------------------------------------------------

Rx 26P'*CCW26?TCOZ6PTCO 26?TC026PTCO26PTCO26PTC026PTCO26PTCO26PTC026PTC026EFSS
B SYY

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssss

Rx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7SPTC027SPTC02 7PTCO27PTCO2 7PrLC z
YYYV*YYYYYYYV YYYVVYYYYVyyyyyVyyyyyyyVVVYVVxf

:x SAA4SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yKx'~yyyy'yyyyyyyyyrVyVyYVyyyyyyVVVyyyVyyyVyyyyVyyyyyVyyyyVyyVyyyyyyyy'yyyN*

Rx 27rP7CO27P7 C27P7CO27P7-CO27P7C027PF"CO127?TCO27PTCO27EGSSSSSSSSSSSSSSSSSSSS
BSYYVVVYYYYYYYYVYYYYY

.x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsSSSSSSSSSSSSSSSSSSSSSSS'FFSSSSSSSSSSSSSSS
YYIy~yy? YYYYyVyYVYYVVyyyyyyyyyyyVyVyyyy YVYVYYYYVYYYY' SSVVVYYYYYYYYYYVY

Rx SSSSSSSSSSSSSSSSSSSSSSSSSTePTC028SPTC028PTCC"%28PTCO2BP OZS8PTC028P*ICOZBP:

Rx C028PTC028PTC028PTCO28PTC0O8PTCO26EDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
B 2YYYYYYYYYYYYYVYYYYYYYYYYYYYYYYYYYYYYY

,x SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYYYYYYVVYYYYYYYYYYYYYYYYYYYYYYYYYVKKYVYYYYYYYYYYYYYYYYYYYYYYYYYYYY
-----------------------------------------------------------------------------

RX SSSSSSSSSS7CCL.OOOOCCLNXY'JEEFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
VYYYYYVVXFRRF R rF MX YyyyyyyVVyVYVYYYYYVVYVYYYYYYYYYYYyyyy Vyyyy

Rx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS D SSSSSSSSSSSS
VYVyVyyyyyyVyyyyyyyyVyyyyyyyyVVyVVyyyyyyyyyyyyyyyyyyyyyyLyyy yyYyyyyyyyy

Tx ssssssssssssisssssssssssssssssssssssssssssssssssssssssssssS 
I SSSyyvyyvyyyyyyyyyyyVyyyyyyyyyyyyyyyyyyyyyVyyyyyyyyyyyyyVyyyyyyy Jyyyyyyy

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy~yYYYYYYYYYYYYYY
Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYYYY~yyYYY~YyyyyV
-----------------------------------------------------------------------------

RX SSSSSSSSSSSSSSSSSSSSSDDSSSSSSSSSSSSSSSSSSSSsssssssssssssssssssssssssssss
yyyyYYYYYYYYYYYYYYYIY11YYYyyyyyyyyyyyyyyYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy

Tx - -SSW Figure B-50. Phas I & 11, Mode I Test Meisge, 24.00 b/s (contin ued) SSSSSSS
YYYYYYY'.-.YYYYYYY

----------------- 7------------:-9---------------,---------------------
RX SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSDDSSSSSSSSSSSSS

yyvlyyyyyyyyyvyyyyyyyyyyyyyyyyyyyyyyyyyyVyYYVYYYVYVI I YYYYYYYYYY



Table B-1. BERTs (Data Sentry 10) Switch Settings (Phase I & II)

(1) EXTERNAL SWITCH SETTINGS (EXTERNAL CLOCK TO HF MODEM)

Switch Function Setting

Data Pattern 2047
Error Insert OFF
Mode FDX
Timing Sync
Gen CIk* Synth
Synth Freq 1200 and/or 2400
Code Level N/A
Parity N/A
Stop Bits N/A
Display I ERRS
BER INTVL (BITS) 106
Display II RCVR FREQ (Hz)
Print Event Test INTVL
RCVR FUNCTION Analyze
Emulate DTE

* For Clock from HF Modem, Gen CIk to INTF, Synth Freq N/A.

(2) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS: None.

(3) AUXILIARY FUNCTION 08: Setto WONN.

Table B-2. HSM-1A Switch Settings (Phase I & II)

(1) EXTERNAL SWITCH SETTINGS

Switch Function Setting

Code Level Synchronous
Baud Rate 1200 or 2400

- Mode Norm

(2) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS: None.

(3) INTERLEAVER/DEINTERLEAVER: Factory set to 3.5 sec for 1200 and 2400 b/s.
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Table B-3. RF-3466 Switch Settings (Phase I & I)

(1) EXTERNAL SWITCH SETTINGS:

Switch Function Setting

Mode Select (75-2400 b/s) 1200 and/or 2400

(2) NTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Switch Function Setting
(Digital I/O PWB Assembly)

S3-1, Data Mode Sync
S3-2, Full/Half Duplex Full Duplex
S6-7, 8 Channel Diversity A
S6-2, Doppler Tracking Enable
S6-3, Clipping Enable
S3-5, Interleaving Factor Normal = closed;

Alternate = open.
S3-6, Interleaving Factor Long = open

Short - closed.

Data Rate MODE (End-to End)

1200 Normal Long (12.6 sec)
1200 Alternate Short (1.71 sec)
2400 Alternate Short (1.58 sec)
2400 Normal Long (9.8 sec)

S4-2, Halt on Fault Enable
S4-4, Send Test Message Disable
W43, Loopback Disable
S3-7,8 Keyline Delay 45 msec
S1, RS-232-C/MI L-STD- 188C RS-232-C

S2, Frequency Select INT (Internal Clock) for Clock from Modem or
DTE (External CLock) for ASC Clock to Modem
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Table B-4. MD-1061 Switch Settings (Phase I & II)

(1) EXTERNAL SWITCH SETTINGS:

Switch Function Setting

Transmitter Key Remote
Transmitter Output Data
Transmitter Data Source EXT
Transmitter Coding Mode Coded
Transmtter Data Rate 1200 or 2400
Receiver Coding Mode Coded
Receiver Data Rate 1200 or 2400
Receiver Diversity A
Receiver Frequency Connection On
Receiver Sync Fast and Slow
Operate Mode Normal

(2) INTERNAL STRAPPING OPTIONS AND SWITCH SETTINGS:

Function Stral)

Preamble Length in Frames 5 (E 1 to E2) A2 Card
Degree of Interleaving (TX) Switch ON A27 Card:
Degree of De-Interleaving (RX) Switch ON A28 Card:

Data Rate Delay Switch Position Closed

1200 1.6 5
1200 6.4 7
2400 0 None
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Table B-5. TSEC/KG-84C Switch Setting (Phase I & II)

(1) EXTERNAL CLOCK TO HF MODEM:

Switch Function Setting

Clock MA (Master)
Data Rate (TX) INT 1200 or 2400
Data Rate (RX) EXT
Data Length Synchronous
TDM OFF
Sync Mode 6 (HF)
Comm Mode 1 (Duplex)
iTY Mode Switch 1 (Auto Resync)
Sync Switch OFF
Gated RXC CRXC
Gated TXC CTXC

(2) EXTERNAL CLOCK FROM HF MODEM:

Clock MA (Master)
Data Rate (TX/RX) EXT
Data Length Synchronous
TDM OFF
Sync Mode 6 (HF)
Comm Mode 1 (Duplex)
TrY Mode Switch 1 (Auto Resync)
Sync Switch OFF
Gated RXC CRXC
Gated TXC CTXC

(3) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Strap Setting

PTRS (Char Pass) Out (E2-E3) (For simplex HF mode only)
Time (Sec) 15 (ES-E4) (For simplex HF mode only)
IDLS Out (E 11-E 12) (For simplex HF mode only)
KEK (VU) Out (El 3-E 14) (For simplex HF mode only)
DATA MODE Out (Baseband)
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Table B-6. HFAID Switch Settings (Phase I & II)

(1) EXTERNAL SWITCH SETTINGS: None.

(2) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Switch Function Setting Results

DIP Switch Bank 2
Number of characters per
HFAid Block(Packet: S6 57 S8

0 0 0 80 Character Block
0 0 1 40 Character Block
0 1 0 20 Character Block
0 1 1 10 Character Block
1 0 0 5 Character Block
1 0 1 5 Character Block
1 1 0 5 Character Block
1 1 1 5 Character Block

Crypto Polarity S1 = 1 (Negative)

Dip Switch Bank 3
No Reply Counter Settings: S7 S8

1 1 255 Transmissions before CAN

Block Ignore Counter Settings
Before Crypto Resync: S1 S2
(80 Character Block) 1 1 Ignore 384 blocks

Strapping
Internal/External Clock Selection Line 1 - External (Ft. Detrick)

Line 2 - External (Ft. Detrick)

MARK Sense Selection Line 1 - Positive MARK
Line 2 - Positive MARK
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Section 11 - Phase 11, HIF Channel Simulator Testing

PAGE

A - Transmission Time (vs) Packet Size Plots B - 66 to B - 97
B - Transmission Efficiency (vs) Packet Size Plots 8 -98 to B - 104

C - Effective Transmission Speed NOs Packet Size Plots B - 105 to B - 111
D - HF Modem BER (vs)SNR Plot B -113

B-65
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Table B-7. Modem Bit Error Rate versus Signal-to-Noise Ratio

Receiver Average Bit Error Rate
Data Interleaver Modem per Signal-to-Noise
Rate Delay Serial

Modem (b/s) (sec) Number 35 30 25 20 15 13

RF-3466 1200 1.7 A0195 2.2x 10-5 5.0x 10-5 1.1 x 10-4 1.6x 10-
C0398 1.7x 10-S 8.0x 10-5  2.7x 10-4  2.6x 10-4

1200 12.6 A0195 2.3 x 10-6  1.4 x 10-s 1.6 x 10-4  7.2 x 10- 4

C0398 2.5 x 10-6 1.2 x 10-5 2.9 x 10-4 1.1 x 10-3

2400 1.6 A0195 2.9 x 10-4 4.9 x 10 4  1.7 x 1- 3  1.0 x 10-2

C0398 2.2 x 10-4  5.2 x 10-4  2.0 x 10-3  1.4 x 10-2

2400 9.8 A0195 2.5 x 10-4  3.2 x 10-4  1.2 x 10-3  7.9 x 10-3  1.9 x 10-2

C0398 2.1x10-4  2.8x 10-4  1.3 x 10-3  9.4x 10-3  2.2 x 10-2

MD- 1200 1.6 097 4.7x 10-4  4.33 x 10-4 1.0 x 10-3  1.6 x 10-3

1061 106 7.6x 10-4  9.9x 10-4  5.4x 10-4  9.6x 10-4

1200 6.4 097 5.2x 10-4 2.6x 10-4 3.9x 10-4
106 2.2 x 10-4  3.9 x 10-4 4.8 x 10-4

2400 0 BER Test Set vould not stay in syr c

HSM-1A 1200 3.5 63604 1.1 x 10-3  BI R Test Se would not stay in sy ic
63601 1.5 x 10-3

2400 3.5 BE R Test Set ould no stay in syr c
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Section III - Phase III, Over-the-Air Tesing
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Table B-8. HSM-1A Switch Settings

(1) EXTERNAL SWITCH SETTINGS

Switch Function Setting

Code Level Synchronous
Baud Rate 1200 or 2400
Mode Norm

(2) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS: None.

(3) INTERLEAVER/DEINTERLEAVER: Factory set to 3.5 sec for 1200 and 2400 b/s.
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Table B-9. RF-3466 Switch Settings

(1) EXTERNAL SWITCH SETTINGS:

Switch Function Setting

Mode Select (75-2400 b/s) 1200 and/or 2400

(2) NTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Switch Function Setting
(Digital I/O PWB Assembly)

S3-1, Data Mode Sync
S3-2, Full/Half Duplex Full Duplex
S6-7, 8 Channel Diversity A
S6-2, Doppler Tracking Enable
S6-3 Clipping Enable
S3-5, Interleaving Factor Normal = closed;

Alternate = open.
S3-6, Interleaving Factor Long = open

Short = closed.

Data Rate MODE (End-to End)

1200 Normal Long (12.6 sec)
1200 Alternate Short (1.71 sec)
2400 Alternate Short (1.58 sec)
2400 Normal Long (9.8 sec)

S4-2, Halt on Fault Enable
S4-4, Send Test Message Disable
S4-3, Loopback Disable
S3-7,8 Keyline Delay 45 msec
S1, RS-232-C/MIL-STD-188C RS-232-C

S2, Frequency Select INT (Internal Clock) if Clock from Modem
DTE (External CLock) if Clock to Modem
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Table B-10. MD-1061 Switch Settings

(1) EXTERNAL SWITCH SETTINGS:

Switch Function Setting

Transmitter Key Remote
Transmitter Output Data
Transmitter Data Source EXT
Transmitter Coding Mode Coded

Transmtter Data Rate 1200 or 2400
Receiver Coding Mode Coded
Receiver Data Rate 1200 or 2400
Receiver Diversity A
Receiver Frequency Connection On
Receiver Sync Fast and Slow
Operate Mode Normal

(2) INTERNAL STRAPPING OPTIONS AND SWITCH SETTINGS:

Function Strap

Preamble Length in Frames S (El to E2) A2 Card
Degree of Interleaving (TX) Switch ON A27 Card:
Degree of De-Interleaving (RX) Switch ON A28 Card:

Data Rate Delay Switch Position Closed

1200 1.6 5
1200 6.4 7
2400 0 None
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Table B- 11. TSEC/KG-84C Switch Setting

(1) EXTERNAL CLOCK TO HF MODEM:

Switch Function Settina

Clock MA (Master)
Data Rate (TX) INT 1200 or 2400
Data Rate (RX) EXT
Data Length Synchronous
TDM OFF
Sync Mode 6 (HF)
Comm Mode 1 (Duplex)
TTY Mode Switch 1 (Auto Resync)
Sync Switch OFF
Gated RXC CRXC
Gated TXC CTXC

(2) EXTERNAL CLOCK FROM HF MODEM:

Clock MA (Master)
Data Rate (TX/RX) EXT
Data Length Synchronous
TDM OFF
Sync Mode 6 (HF)
Comm Mode 1 (Duplex)
iTY Mode Switch 1 (Auto Resync)
Sync Switch OFF
Gated RXC CRXC
Gated TXC CTXC

(3) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Stra Setting

PTRS (Char Pass) Out (E2-E3) (For simplex HF mode only)
Time (Sec) 15 (E-E4) (For simplex HF mode only)
IDLS Out (El 1-E12) (For simplex HF mode only)
KEK (VU) Out (E13-E14) (For simplex HF mode only)
DATA MODE Out (Baseband)
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Table B-12. HFAID Switch Settings

(1) EXTERNAL SWITCH SETTINGS: None.

(2) INTERNAL STRAPPING OPTIONS/SWITCH SETTINGS:

Switch Function Settinq Results

DIP Switch Bank 1 (Line 2) S1 S2 S3 54
Baud Rate for Internal Timing 1 0 1 1 4800 baud (Ft. Huachuca)

External (Ft. Detrick)
(N/A when external clock is selected)

DIP Switch Bank 2
Number of characters per
HFAid Block (Packet: 56 57 58

0 0 0 80 Character Block
0 0 1 40 Character Block
0 1 0 20 Character Block
0 1 1 10 Character Block
1 0 0 5 Character Block
1 0 1 5 Character Block
1 1 0 5 Character Block
1 1 1 5 Character Block

Crypto Polarity S1 1 (Negative)

Dip Switch Bank 3
No Reply Counter Settings: S7 S8

1 1 255 Transmissions before CAN

Block Ignore Counter Settings
Before Crypto Resync: S1 52
(80 Character Block) 1 1 Ignore 384 blocks

Stra Dincg
Internal/External Clock Selection Line 1 - External (Ft. Detrick)

Line 2 - External (Ft. Detrick)

MARK Sense Selection Line 1 - Positive MARK
Line 2 - Positive MARK
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Message Exchanged Between Model 40/Mode I (INTEQ) Terminal and the HFAID
Mode I Input

SITE: Fort Huachuca, AZ
DATA RATE: 4800 b/s (Model 40)

4800 b/s (Mode I interface)

FU'LL DtP-'E

YVyyyyyyyyyyyyyyyyyyyyyYyyyyyyyyyyyyyyyYYYvYvYYYYV~YYYYYYYYYYyyyvyy'v

YYYYYYYYYYYYYyy yvy'yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyvyyVYVyyyyyyyyyyyyvv
------------------------------------ ----------------------- ------------------ --

XX SSSSSSSSSSSSSSSSSSSSSSSSSS~ssssssssssssssssSSSSSSSSSSSSRSSSSSSSSSSSSSSt .
yyyyyyyyyyyyyy YYYYYYYYYYYYyyyyyyYYYy VYyyYyVYYYYyyYVyyvvvvyyVVyyyyyyyvv,.

Tx SSRSSSSSSSSSSSSSSSSSSSSSSSSSssssssssssSSSSSSSSSSSSSSSSSSSSSSssssss.
VyyYYYYYYYYYYYYYYYYYYYYYYVVYVYYYYyYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy yy y y

RX SSSSSSSSqSSSSSSSSSSSSSgSSSSSSSSSSSSSSSSSSS IHRATUZVW RI*QQTXAOOOI 1234 567
y YYYYYYYYYY *V'V yyyy"yyyyyyyyy y y yyy yy y y yyy yyy yy

?!( ~ssssssssssss~ssSSSSSSSSSSSSS5SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssss
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy yyy "

Dy -V'VVV--RLQQSDA.CCLZYR VUCUULCCLBTCCLTHIS IS A TEST OF TPSSSSSSSSSSSSSSSS.

Tx SSSSSSS5SSSSSSSSSSSSSSSSSSSSSSSSSSssssssssssss sssssssssssss sssssss
yyyyyyyyyyyyyyyyyyyyyYYYYYYYYYY"'YYYYYYYYYYYYyyyyyyyyyyyy XyyyyyyyyyVy

Rx SSSSSSSSSSS IS7THE HFAID HF !NTERACE FROM FT HUACHUCA TO FT DETRICK.CCL5

yyyyyyyyyyyyyyyyyyyyyyyyY~~yyYy~y~YYYYYyyyyyyyyyyyyyyyyyrYYYYYYYYYYy yy

NxX LANNY YOU MUST MAKL 5 55555~555555A APPOINT TO Ot
0 YYYYYYYYYYYYYYYYYYYYYYYYYYYYYXr

YYYYYYYYYYYYYYyyYYYYYYYYY5sYYYyyyYYyyyyyYyyyyyyyYyyyyYYyyyyyyyyyy

RX RECAL BEFORE THE END OP JULY ... . CCLTHE QUICK BROWN-FOX JUMPED OE>SSSSSSS
RRF B YYYYYYY

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASS
YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY.YYYKKYY

Rx SSSSSSSSSSSSSSSSSSSSSSS7VER THE LAZY DOGS BACK 1234567890 TIMES......CCLR
YYYYYYYYYYYYYYYYYYYYYYXF RRF

Tx SSS S SS SS SS SS SS SS-SS S SS S S SSS SS SSS SS SS S SSS SS SS S SS SSSSS S SS SS SS S SSS S SS S SSS SS S
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
------------------------------------------------------------------------------

Rx YRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRE(SSSSSSSSSSSSSOSCSSSSSSSSSSSSS*7YRYRYRY
B YYYYYYYYYYYYYYYYYYYYYYYYYYYYYXP

Tx sssssssssssssssssssssSSSSSSSSSSSSSSSSFFSSSSssssossssssssssssssssssssss
yyyyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYYYYS SYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyy
------------------------------------------ ----------------------------------

Rx RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYCCLRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYR
RRF

Tx SSSSSSSSSSSS$ .SSSSSSSSSSSSSSSS
yyyyyyyyyyyy'j Figure 8-1 14. Over-the-Air, Mode I Tesg Message YYYYYYYY
---------------------------------------------------------------------

Ri YE ; SSSSSSSSSSSSSSSSSSSSSSSSSSSSRRYRYYRYRYRYRVYYRYRYRYNYYRYRYCCLR
8 yyyyyyyyyyyyyyyyyyyyyyyyyyyyyA 8-136 RR?

YYYYYYKKYYYYYYYYYYYiyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyY
- -- -- --- -- --- -- -- --- -- ------ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --



Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSji..,.Nbb r
YYyyyyyyYYYYYYYyyYYYyyYYYYYYyYYYYYYYYYYYSYYYYYyYyYyysYyyyyyyyyyyyyyy
------------------------------------------------------------------------

Rx SS7YRYRYRYRYRYRYRYRYRYRYRYRYRYRYCCLIO. OF ALL THE FISHES IX THE SEA THE
YXF RRF

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssssssssssssssssssssssSSSSSSS
YVYYYYYYYYYYYYYYyyyyyyYYYYYYYYYYYYYYYYYyyyyyyyyyyYyyyyyyyyyyYYyyyy y y y y

------------------------------------------------------------------------------

Rx MERMAID IS BaSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7THE DISH FOR ME.......... CC&LR
B YyyyyyyyyyyyyyyyyyyyyyyyYYyYyXF KKI'

,x SSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSsSSSSSSSSSSSSSSSSSSSSSSsss~sssb
YYYVYYVYYYYYYYYYKKYYYyyyyyyyyyyyYYYYYYYYYYYYYYYyyyyyYYYVYYYYYYYYYyyyyyy
---------------------------------------------------------------------------------

Rx YRYRYRYRYRYRYRYRYRYVRYRYRRYRYRYRYRYRYRYRYRYyRYRYRYRE .SSSSSSSSSSSSssss
8 YYYYYYYYYYyyyy'1 yy

~XSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSS...
YYYYYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyYYyyYYYYYYYYSSYYYYyYyYYVv
------------------------- ----------- -------------------------------------------

Rx SSSSSSSSSSSS 7YRYRYRYRYPVRYRYRYCCLRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYR
VYYYYYYYYYXF RRF

x SSS~SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssssssssssssssssssssssssssssssss

Rx VRYRYRYRYRYRYRYRYRVRYE:SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7RYRYRYRYRYRYRYCgL.
R YYYVYYYVYYYYYYYYYYYYYYYYYYXF RRP

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyylyyyYYYYYYYYYYYYYYVYYYKKYYYYYYYVYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyy

Rx YR Y RYR YR YR YRYR Y RYR YR Y RYRYR YRYR YR YRYRYRYR YR YRYR YRYR YR YRYRYRYRYR E 03 S SSS

Vy VY V V y VYYyfYY-YYYY YYYYYYYVYYYYYYYYYYYYY YYYYYYYYYYYYY YYYYYYYYYYYYYY~YY S S YYV

Rx S S SS SS SS SS SS S SSS SSS S SS 7YR Y RYR YR YC C LRYRYRYA YR YR YR Y RYR "YRYRYR YRVRYR R Y R
YYYYYYYYYYYYYYYYYYYY~Xy RRF

Tx S S S S S S S S S S S S S 9S"99 9S S 9 S999Se 9 9 S" " ~eS"439 *&$9" " a 9usoese9S 994SS
yYYyyyyyYYyyyyYyyyyyyyyyyyyyyyyyYyyyyyyyyyyyyyyyyyyyyyyy Y Y Y

---------------------- --- ------------- -f --- e-- -

Rx YRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYESSSSSSSSSSSSSSSSSSSSSSSSSSSSSST7RYRYCCLI
B YyyyyyyyyyyyyyyyyyyyyyyyyyyyyXF RR F

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYYYyYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYKKYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYVY

Rx 5. THE QUICK DROWN FOX JUMPED- OVER THE LAZY DOGS BACK 2234567090 TINES. C
R

Tx ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss
yYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
------------------------- ----------------------------------------------------

Rx E 1S SS S S S S S9 38 99 9938 S SS S S S 9 9 TC L RYRRYRYRYR YRYRY RYRYR YR YRYRYRftyR YR Y Y R
B YYYYYYYYYYYYYYYYYYYYYYYYYYYYYXF

TX 3t SSSSSFFSSSS3SSS9S39SSSSSS99"S 9999S O9 fS9$699S6S9 9""
YYYYYS S~yYyYYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy-
-----------------------------------------------------------------------------

Rx YRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYCCLRYRESSSSSSSSSSSSSSSSSSSSSSSSSSSSS
RRP B YYYYYYYYYYYYYYYYYYYYYVYYYYYYYY

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSVSSVSSS
yyyyyyyvfyyyy-yYYf wyy~vv~iyyyyv~f*JYY
--------------------------------------------------------------- 4--------- ---------

Rx S7YRYRYRYRYRYRYRYRtYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYC
AV R

Ti SSSSSSSSSSSSI Figure 8-1 14. Over-the-Air. Mode I Test Message (cont) SOSSSSSSSSSSS
YYYYYYYYYYYY1 yyyyyYYYYYYYy
--------------------------------- 17------ -e- - - -

Rx CLRYRYRYRYE : SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSRYRYRYRYRYRYRYRYRYRYRYNYYKY
V% . 0 VI VVVVVVVVVVVVVVrvvVVVVVVVVVVVVV V



YYYYYYYYYYYYYYYSSYYY-YYYYYYYYYYYYYYYYYyyyy1yy y yy TVfThux I Iy T y T T If I If I
------------------------------------ --------------------------------

RX RYRYRYRYR YR YRYRYRYRYRYRYRYRYRYRYRYRYCC LRYR YRYR YRYRYR EOsS S 9 sssS9SS
I(Kr B yyyyyyyyyy

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSss
yyyyyyyyyyyVyyyyyyyyyyyyyyyyyyyyyyyyyyyyVYyYYYYYYYYYYYYYYKKYYyyyyy yyyyy y
---------------------------------------------------------------------------- -

Rx SSSSSSSSSSSS7YRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRvYv
yyvyYYvYYYYX?

~'y MyV M?? V M V V Vy V y y VY Y YY Y Y Y YY yYY YYV V VY Y Yy Y YY y YY y Y Y YY YY y y y y y %
---------------------- ---- - ------ - - -- ----- - -- --------------

RRF F YYYYYVVVYYY~vvvVVYYVYYYY

YYVVVVYVVVVYYYSYYYYYYVYYYYVYYYvYyyyy YYYVYYYYYYYYYYYYYYYYYVVyyyyyy...Y
----------------------------------------------------------------------------

Rx RYRVRVRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYC CLRYRYRYRYRYRYPRYRYRYRYRREOSSSSSSS r
K~k B YYYYYYVY

YYYyYYYYYY~VVVVVVVVMVVvVyYvYYYYYvvYvYvvvYYYYYYYYYYYYYYYYYYYYY YY Y Y Y YK Y

Rx SSSSSSSSSSSSSSSSSS7YRYRYRYRYRYRYRYRYRYRYRYRYYRYRYRYPYRYRYRYRYRYRYP
YYYYvYYYYYvYYYYYYyxP

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSsssssss
yyyyyyyyyyyyyyyyyyyyyyyyyyyyy yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyv

Rx CCLRYRYRYRYRYRYRYRYRYRYRYRYRYRYESSSSSSSSSSSSSSSSSSSSSSSSSSSSS7RyRyRYRV
RRF ..'a YYYYYYYYYYYYYYYYYYYYYYYYYYYYYXP

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

yyyyyyyyyyyyyyyy " yyy'yyYYYYY~YYYYSsyyYYyYYYYyyyyyyyyyyyyyyyyyyyyv

Rx RYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYCCLRYRYRYRYRYRYRYRYRYRVhYRYRYRYRYR'P
RRF

Tx S SSSSSSSSSSSSSS99sssssSSSSSssssssSSSSSSSssssssS6SsssssesCsss4sssssas
YYYYYYYYYYYYYYYYYYYYYYYYYYYYyyyyYyYYYYYYyyyyyYYr~yYyyyyyyyyyyyyyyyyy

--------------- -- ;--------- ----- - --------

Rx EOSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS YRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRY
9 YYYYYYYYYY'YYYYYYYYYYYYYYYYYYYXF

Tx SSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSISSSSSSSSSSSSSSSSSSSSSSSS
yyyyY(KYYYyYyyyyYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYyyyyyyyy

Rx CCLRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYE:SSSSSSSSSSSSSSSSSSSSSSSSSSSSS

YyyyyYYyyYyyy YYYyy9yyyyyyysyYYyYYYyYyyyyyyyyyyyyy

Tx sssssssssssssssssssssssssssssssss~sssssssssSSSSSSSSSSSSS8SSSSSSSSSsssssss
YYYYYyyyyyyyyyyyyyyyyyyyyYYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyIyy
-----------------------------------------------------------------------

RxTE S7RMAIRYRSSSSSSSSSSSSSSSSSRSSSRYRSSSSSD OF ALITE ISHE I~tN T.......

yyyyyyy5 yyyyyyyyyyyyyyyyyyyyyyYyyyAI'yyyyylyyyyyyyyyy

Tx SSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYYYYYYYYYYYYYK RYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
----------------------------------------------------------------------------

RX CCLRYRYRYRYRYRYRYRYRYRYRYRYRtYRYRYRYRYRYRYRYRYRYRYRYK . SSSSSSSSSSSSSSSSSSS
ItrR . -* - s yyyyyy"vvyYY~Yv

Tx ssssssss Figure 5-1 14. Over-the-Air. Mode I TetMessge cn)ssssss

------------------------------- B-138 ------------------
RX SSSSSSSSSS7RYRYRYRYRYRYRYRYRYRInaWu.LRYRYRYRYYRYYRYRYIYRYIYRYRYRYRYYR

vvvvYYvvYyxP RRP



Ri YRYRYRYRYRYRYRYRYRYREOSSSSSSSSSSSSSSSSSSSSbSSSSSSSSS7YRYRYRYRYRYRYRymyxy
9 YYYYYyyyyyyYYYYYyyyyyyyyyyyXP

Tx SS S SSSSSS S SSSS SS SSS SSSSSSAASS SSSSSSSSSSS SSSSSSSSSSS SSSSSS SS SSSSSSSSSSSS
YYqYYYYYYYYYYYYYYYYYYYYYYKKYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyyy
----------------------------------------------------------------------------

RX CCLRYRYRYRYRYRYRYRYyRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYF :SSSSSSSqS
PRP B Yyyyyyyvv

yVVYVVyyyyyyyyyyyyyyyyyyyyyyyYyyVyyyyyVYYYYvVYYYYYYYYYYYYYYYVyYyyyyq 4qyy%. %
------------------------------------------------- ----------- ----------------- -

Rx S SSS SSSSSSSSSS S5SSSS 7RYPYRYR YRYfRYRYC'C EPVPPYRYRYR YRYRYRYRYRYRYRYRYRvpv:.
YYYYYVYYYYYYVVVXF NNF

YYYYYYVYYYYYYYYYYYYYVVYYYYYYYyyYYYYYYYYYYVyyyyVVyyyyyyVyyVyyyyyyyyyyyyvv%,

Rx YRYPYPYRYRYRYRYRYRYRYRYRYRYRYREOSSSSSSSSSSSSSSSSSSSSSSSSSSSS9S7YRYRYRYRV
b yyyyyyyyyyyVyyyyyyyyyyyyyyyyyAt

YYYyYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYKKYYYYYYYYYYYYYYYYYYYYYYYYYyyyyyyyv.

xx LCCL3U. -KY"A' .KYXYKYRYYtYYYYYYKYXYKYXYXYXYKYXYXYXYKYXYKYKYXYKYMYyxy
RRF?

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy v

Rx 6SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS7RYRYCCLRYRYRYRYRYRYRYRYRYRYRYRYRYRYRYRY
YYYyYYYYYYYYYYYYYYYyYyyyYYYYxF *cXck

Tx SSSSFFSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYSYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYyyYYYyyyyyyyyyyyyyy

Ri THATS ALL FOLKS.......................... CEHS7CL8OOO1CCLLLLLLLLLNNNN7777iI
RBTXPRP IRRpppppppp PPFF

Tx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSAASSSSSSSSSSSSSSSSSSSSSSSS
yyyyyyyyyyyyyyyyyyyyyyyyyyYyYYYYyYyyyyyyyYYYEYYYYYYYYYYYYYTvYyyYyyyyy

Rx 77777?777777777777777777'777777777777777777777777917ISSSSSSSSSSS8SSSSS
PFFPFFPFFFFFFFFFFFFFFPPFFFPFPFFFFPFFFFPPFFFFX YYYYYYYYYYyYYYYYYY

Tx sssssssssssssssssssssssssssssssssssssssssssssssssssssssssSSSSSS94SSSSSBss
yyyYyyyyyyYyyYyyyyYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyYyyyyyyyyyyyyyyyyyy

-------------------------------------------------- ----

Rx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS SSSSSSSSSSSSSSSSSSSSSSS

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyYYyYYYYYYY1Y y.YYYYYYyyYYyyyyyyyy
Tx S 5SS v xpS5S SSS S S S SS S S 5

yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy~yYYYYYYYYYy sYYyyyyyyYyyyyyyYY
------------------------------------------------------------------------------

Ri sssssssssssssssssssssSSSSSSSSSSSSSSSSSDDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYyyyyyyYyyyyyyyyyyyyyyyyyyyyyYyy1 I YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

Trx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSRRSSSSSSSSSSSSSSSSSSSSSSSSSSS
YYYyyyyyyYyyyYyyyyyyyyyyyyyyYyyyYsSyYyyyyyyyyyyYYYYYyyyyyyyyy
-----------------------------------------------------------------------------

Rx SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSDDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
yyYYyYYyYYYYYYYYYYYYYYYY"VYYYY I YYyvyyyyyyyyyyyyyyYYYYYYYYVYY V-YYY-vy

Tx SS-SSSSSSSSSSSSSSSSSSSSSSSSSSSS8SSRRSSSSSSSSSSSSSSSSSSSSsssssssssssssss
YYY'r I fyyyyyyyyyyyyyyyoyyyyyYYYYYYVYTVYy
------------------------------------------------------------------------------

Rx SSSSSSSSZ.SSSS SSSSSSSSDDSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSStSoSSSSSssss
yyyyyyyyyyyyyyyyyyyyYYI 1YyYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYy

Tx SSSSSS9SSSSSS0'9"S
yyyyyyyyyyyyyyy Figure B-1 14. Over-the-Air, Mode I Test Message (cant) yyyyyyy

-- -- -- -- -- -- -- - -1 39 - - -

RX SSSSSSSSSSSSSSDDSSSSSSSSSSSSSSSSS5SSSSBSSSSSSSSSSSSSSSSSSSSSSSSSSS5SSSSS
yyyyyy Y IyYy~YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyy
S,,SS 4SSS9SSSSSSSSS RSSSSSSSSSSSSSSSSV',-



Table 1-13. ONCAP Frequency I.4iabiilty PIediction Table
(Fort Huachuca Receive)
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Table 8-14. IONCAP Frequency Reliability Prediction TaiWe
(Fort Detrick Receive)
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APPENDIX C

HF MODEM CHARACTERISTICS
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